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DECLARATION OF AVI ASHKENAZI. Ph.D UNDER 37 C.F.R § 1.132 

I, Avi Ashkenazi, Ph.D. declare and say as follows: - 

1 . I am Director and Staff Scientist at the Molecular Oncology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in 1988 as a postdoctoral fellow. Since then, I have 
investigated a variety of cellular signal transduction mechanisms, including apoptosis, and have 
developed technologies to modulate such mechanisms as a means of therapeutic intervention in 
cancer and autoimmune disease. I am currently involved in the investigation of a series of 
secreted proteins over-expressed in tumors, with the aim to identify useful targets for the 
development of therapeutic antibodies for cancer treatment. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. Gene amplification is a process in which chromosomes undergo changes to 
contain multiple copies of certain genes that normally exist as a single copy, and is an important 
factor in the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Her2/Neu) 
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gives cancer cells a growth or survival advantage relative to normal cells, and might also provide 
a mechanism of tumor cell resistance to chemotherapy or radiotherapy. 

5 . If gene amplification results in over-expression of the mRNA and the 
corresponding gene product, then it identifies that gene product as a promising target for cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, amplification of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMan® PCR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomal changes but also from chromosomal aneuploidy. It is important to understand 
that detection of gene amplification can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue is detected, it is irrelevant if the signal originates from an increase in the 
number of gene copies per chromosome and/or an abnormal number of chromosomes. 

6. I understand that according to the Patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insufficient to provide substantial utility or well 
established utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when amplification of a cancer marker gene 
does not result in significant over-expression of the corresponding gene product, this very 
absence of gene product over-expression still provides significant information for cancer 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitoring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence better determination of suitable therapy. In addition, absence of over-expression is crucial 
information for the practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
these statements were, made with the knowledge that willful false statements and the like so 



made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 

By: Date: g/isV^> 

Avi Ashkenazi, Ph.D. ' 
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Personal: 

Date of birth: 

Address: 

Phone: 

Fax: 

Email: 

Education: 

1983: 
1986: 

Employment: 

1983-1986: 
1985-1986: 
1986 - 1988: 

1988 - 1989: 

1989 - 1993: 
1994 -1996: 

1996- 1997: 

1997- 1990: 
1999 -2002: 
2002-present: 



29 November, 1956 

1456 Tarrytown Street, San Mateo, CA 94402 
(650) 578-9199 (home); (650) 225-1853 (office) 
(650) 225-6443 (office) 
aa@gene.com 

B.S. in Biochemistry, with honors, Hebrew University, Israel 
Ph.D. in Biochemistry, Hebrew University, Israel 



Teaching assistant, undergraduate level course in Biochemistry 
Teaching assistant, graduate level course on Signal Transduction 
Postdoctoral fellow, Hormone Research Dept., UCSF, and 
Developmental Biology Dept., Genentech, Inc., with J. Ramachandran 
Postdoctoral fellow, Molecular Biology Dept., Genentech, Inc., 
with D. Capon 

Scientist, Molecular Biology Dept., Genentech, Inc. 
Senior Scientist, Molecular Oncology Dept., Genentech, Inc. 
Senior Scientist and Interim director, Molecular Oncology Dept., 
Genentech, Inc. 

Senior Scientist and preclinical project team leader, Genentech, Inc. 

Staff Scientist in Molecular Oncology, Genentech, Inc. 

Staff Scientist and Director in Molecular Oncology, Genentech, Inc. 



Awards: 

1988: 



First prize, The Boehringer Ingelheim Award 



Editorial: 

Editorial Board Member: Current Biology 
Associate Editor, Clinical Cancer Research. 
Associate Editor, Cancer Biology and Therapy. 

Refereed papers: 

1 . Gertler, A., Ashkenazi. A., and Madar, Z. Binding sites for human growth 
hormone and ovine and bovine prolactins in the mammary gland and liver of the 
lactating cow. Mol. Cell. Endocrinol 34, 51-57 (1984). 

2. Gertler, A., Shamay, A., Cohen, N., Ashkenazi. A. , Friesen, H., Levanon, A, 
Gorecki, M„ Aviv, H., Hadari, D., and Vogel, T. Inhibition of lactogenic 
activities of ovine prolactin and human growth hormone (hGH) by a novel form of 
a modified recombinant hGH. Endocrinology 118, 720-726 (1986). 

3 . Ashkenazi. A., Madar, Z., and Gertler, A. Partial purification and characterization 
of bovine mammary gland prolactin receptor. Mol. Cell. Endocrinol. 50, 79-87 
(1987). 

4. Ashkenazi. A., Pines, M., and Gertler, A. Down-regulation of lactogenic 
hormone receptors in Nb2 lymphoma cells by cholera toxin. Biochemistry 
Intematl 14, 1065-1072 (1987). 

5. Ashkenazi. A., Cohen, R„ arid Gertler, A. Characterization of lactogen receptors 
in lactogenic hormone-dependent and independent Nb2 lymphoma cell lines. 
FEBSLett. 210, 51-55 (1987). 

6. Ashkenazi. A. . Vogel, T., Barash, I., Hadari, D., Levanon, A., Gorecki, M., and 
Gertler, A. Comparative study on in vitro and in vivo modulation of lactogenic 
and somatotropic receptors by native human growth hormone and its modified 
recombinant analog. Endocrinology 121, 414-419 (1987). 

7. Peralta, E., Winslow, J., Peterson, G, Smith, D., Ashkenazi. A., Ramachandran, 
J., Schimerlik, M., and Capon, D. Primary structure and biochemical properties 
of an M2 muscarinic receptor. Science 236, 600-605 (1987). 

8 . Peralta, E. Ashkenazi. A.. Winslow, J., Smith, D., Ramachandran, J., and Capon, 
D. J. Distincnt primary structures, ligand-binding properties and tissue-specific 
expression of four human muscarinic acetylcholine receptors. EMBO J. 6, 3923- 
3929(1987). 

9. Ashkenazi. A., Winslow, J., Peralta, E., Peterson, G, Schimerlik, M., Capon, D., 
and Ramachandran, J. An M2 muscarinic receptor subtype coupled to both 
adenylyl cyclase and phosphoinositide turnover. Science 238, 672-675 (1987). 
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1 0. Pines, M., Ashkenazi. A., Cohen-Chapnik, N., Binder, L., and Gertler, A. 
Inhibition of the proliferation of Nb2 lymphoma cells by femtomolar 
concentrations of cholera toxin and partial reversal of the effect by 12-o- 
tetradecanoyl-phorbol-13-acetate.y. Cell. Biochem. 37, 119-129 (1988). 

1 1 . Peralta, E. Ashkenazi. A., Winslow, J. Ramachandran, J., and Capon, D. 
Differential regulation of PI hydrolysis and adenylyl cyclase by muscarinic 
receptor subtypes. Nature 334, 434-437 (1988). 

12. Ashkenazi.. A. Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functionally distinct G proteins couple different receptors to PI hydrolysis in the 
same cell. Cell 56, 487-493 (1989). 

13. Ashkenazi. A., Ramachandran, J., and Capon, D. Acetylcholine analogue 
stimulates DNA synthesis in brain-derived cells via specific muscarinic 
acetylcholine receptor subtypes. Nature 340, 146-150 (1989). 

14. Lammare, D., Ashkenazi. A., Fleury, S., Smith, D., Sekaly, R, and Capon, D. 
The MHC-binding and gpl20-binding domains of CD4 are distinct and separable. 
Science 245, 743-745 (1989). 

15. Ashkenazi.. A., Presta, L., Marsters, S., Camerato, T., Rosenthal, K., Fendly, B., 
and Capon, D. Mapping the CD4 binding site for human immunodefficiency 
virus type 1 by alanine-scanning mutagenesis. Prop. Natl. Acad. Sci. USA. 87, 
7150-7154(1990). 

16. Chamow, S., Peers, D., Bym, R, Mulkerrin, M., Harris, R., Wang, W., Bjorkman, 
P., Capon, D., and Ashkenazi, A. Enzymatic cleavage of a CD4 immunoadhesin 
generates crystallizable, biologically active Fd-like fragments. Biochemistry 29, 
9885-9891 (1990). 

17. Ashkenazi. A., Smith, D., Marsters, S., Riddle, L., Gregory, T., Ho, D., and 
Capon, D. Resistance of primary isolates of human immunodefficiency virus type 
1 to soluble CD4 is independent of CD4-rgpl20 binding affinity. Proc. Natl. 
Acad. Sci. USA. 88, 7056-7060 (1991). 

18. Ashkenazi. A.. Marsters, S., Capon, D., Chamow, S., Figari., I., Pennica, D., 
Goeddel., D., Palladino, M., and Smith, D. Protection against endotoxic shock by 
a tumor necrosis factor receptor immunoadhesin. Proc. Natl. Acad. Sci. USA. 88, 
10535-10539(1991). 

19. Moore, J., McKeating, J., Huang, Y., Ashkenazi. A ., and Ho, D. Virions of 
primary HrV-1 isolates resistant to sCD4 neutralization differ in sCD4 affinity and 
glycoprotein gpl20 retention from sCD4-sensitive isolates. J. Virol. 66, 235-243 
(1992). 
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20. Jin, H., Oksenberg, D., Ashkenazi. A.. Peroutka, S., Duncan, A., Rozmahel., R, 
Yang, Y., Mengod, G., Palacios, J., and O'Dowd, B. Characterization of the 
human 5-hydroxytryptamineiB receptor. /. Biol. Chem. 267, 5735-5738 (1992). 

21 . Marsters, A., Frutkin, A., Simpson, N., Fendly, B. and Ashkenazi. A. 
Identification of cysteine-rich domains of the type 1 tumor necrosis receptor 
involved in ligand binding. J. Biol. Chem. 267, 5747-5750 (1992). 

22. Chamow, S., Kogan, T., Peers, D., Hastings, R., Bym, R., and Ashkenazi, A. 
Conjugation of sCD4 without loss of biological activity via a novel carbohydrate- 
directed cross-linking reagent. J. Biol. Chem. 267, 15916-15922 (1992). 

23. Oksenberg, D., Marsters, A., O'Dowd, B., Jin, H., Havlik, S., Peroutka, S., and 
Ashkenazi. A. A single amino-acid difference confers major pharmacologic 
variation between human and rodent 5-HTib receptors. Nature 360, 161-163 

(1992) . 

24. Haak-Frendscho, M., Marsters, S., Chamow, S., Peers, D., Simpson, R, and 
Ashkenazi. A. Inhibition of interferon y by an interferon y receptor 
immunoadhesin. Immunology 79, 594-599 (1993). 

25. Penica, D., Lam, V., Weber, R, Kohr, W., Basa, L., Spellman, M., Ashkenazi. 
Shire, S., and Goeddel, D. Biochemical characterization of the extracellular 
domain of the 75-kd tumor necrosis factor receptor. Biochemistry 32, 3131-3138. 

(1993) . 

26. Barfod, L., Zheng, Y., Kuang, W., Hart, M., Evans, T., Cerione, R., and 
Ashkenazi. A. Cloning and expression of a human CDC42 GTPase Activating 
Protein reveals a functional SH3-binding domain. J. Biol. Chem. 268> 26059- 
26062(1993). 

27. Chamow, S., Zhang, D., Tan, X., Mhtre, S., Marsters, S., Peers, D., Bym, R, 
Ashkenazi. A., and Yunghans, R. A humanized bispecific immunoadhesin- 
antibody that retargets CD3+ effectors to kill HIV- 1 -infected cells. /. Immunol. 
153,4268-4280(1994). 

28. Means, R., Krantz, S., Luna, J., Marsters, S., and Ashkenazi. A. Inhibition of 
murine erythroid colony formation in vitro by iterferon y and correction by 
interferon y receptor immunoadhesin. Blood 83, 91 1-915 (1994). 

29. ' Haak-Frendscho, M., Marsters, S., Mordenti, J., Gillet, N., Chen, S., 

and Ashkenazi. A. Inhibition of TNF by a TNF receptor immunoadhesin: 
comparison with an anti-TNF mAb. /. Immunol. 152, 1347-1353 (1994). 



30. Chamow, S., Kogan, T., Venuti, M., Gadek, T., Peers, D., Mordenti, J ., Shak, S., 
and Ashkenazi. A. Modification of CD4 immunoadhesin with monomethoxy- 
PEG aldehyde via reductive alkilation. Bioconj. Chem. 5, 133-140 (1994). 

31. Jin, H., Yang, R, Marsters, S., Bunting, S., Wurm, F., Chamow, S., and 
Ashkenazi. A. Protection against rat endotoxic shock by p55 tumor necrosis factor 
(TNF) receptor immunoadhesin: comparison to anti-TNF monoclonal antibody. J. 
Infect. Diseases 170, 1323-1326 (1994). 

32. Beck, J., Marsters, S., Harris, R., AshkenazLAi* and Chamow, S. Generation of 
soluble interleukin-1 receptor from an immunoadhesin by specific cleavage. Mol. 
Immunol. 31,1335-1344(1994). 

33. Pitti, B., Marsters, M., Haak-Frendscho, M., Osaka, G., Mordenti, J., Chamow, S., 
and Ashkenazi, A. Molecular and biological properties of an interleukin- 1 
receptor immunoadhesin. Mol. Immunol. 31, 1345-1351 (1994). 

34. Oksenberg, D., Havlik, S., Peroutka, S., and Ashkenazi. A. The third intracellular 
loop of the 5-HT2 receptor specifies effector coupling. J. Neurochem. 64, 1440- 
1447(1995). 

35. Bach, E., Szabo, S., Dighe, A., Ashkenazi. A., Aguet, M., Murphy, K., and 
Schreiber, R. Ligand-induced autoregulation of EFN-y receptor p chain expression 
in T helper cell subsets. Science 270, 1215-1218 (1995). 

36. Jin, H., Yang, R, Marsters, S., Ashkenazi. A.. Bunting, S., Marra, M., Scott, R, 
and Baker, J. Protection against endotoxic shock by bactericidal/permeability- 
increasing protein in rats. J. Clin. Invest. 95, 1 947- 1 952 ( 1 995). 

37. Marsters, S., Penica, D., Bach, E., Schreiber, R, and Ashkenazi. A. Interferon y 
signals via a high-affinity multisubunit receptor complex that contains two types 
of polypeptide chain. Proc. Natl. Acad. Sci. USA. 92, 5401-5405 (1995). 

38. Van Zee, K., Moldawer, L., Oldenburg, H., Thompson, W., Stackpole, S., 
Montegut, W., Rogy, M., Meschter, C, Gallati, H., Schiller, C, Richter, W., 
Loetcher, H., Ashkenazi. A .. Chamow, S., Wurm, F., Calvano, S., Lowry, S., and 
Lesslauer, W. Protection against lethal E. coli bacteremia in baboons by 
pretreatment with a 55-kDa TNF receptor-Ig fusion protein, Ro45-2081. J: 
Immunol. 156,2221-2230 (1996). 

39. Pitti, R, Marsters, S., Ruppert, S., Donahue, C, Moore, A., and Ashkenazi, A. 
Induction of apoptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family. J. Biol. Chem. 271, 12687-12690 (1996). 
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40. Marsters, S., Pitti, R, Donahue, C, Rupert, S., Bauer, K., and Ashkenazi, A. 
Activation of apoptosis by Apo-2 ligand is independent of F ADD but blocked by 
CrmA. Curr. Biol. 6, 1669- 1 676 (1 996). 

41. Marsters, S., Skubatch, M, Gray, C, and Ashkenazi. A . Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
the NF-kB and AP-1 transcription factors. /. Biol. Chem. 272, 14029-14032 
(1997). 

42. Sheridan, J., Marsters, S., Pitti, R, Gurney, A., Skubatch, M., Baldwin, D., 
Ramakrishnan, L., Gray, C, Baker, K., Wood, W.I., Goddard, A., Godowski, P., and 
Ashkenazi. A. Control of TRAIL-induced apoptosis by a family of signaling and 
decoy receptors. Science 211, 818-821 (1997). 

43. Marsters, S., Sheridan, J., Pitti, R, Gurney, A., Skubatch, M., Balswin, D., Huang, A., 
Yuan, J., Goddard, A., Godowski, P., and Ashkenazi. A. A novel receptor for 
Apo2L/TRAIL contains a truncated death domain. Curr. Biol. 7, 1003-1006 (1997). 

44. Marsters, A., Sheridan, J., Pitti, R, Brush, J., Goddard, A., and Ashkenazi, A. 
Identification of a ligand for the death-domain-containing receptor Apo3. Curr. Biol. 
8,525-528 (1998). 

45. Rieger, J., Naumann, U., Glaser, T., Ashkenazi. A ., and Weller, M. Apo2 ligand: 
a novel weapon against malignant glioma? FEBS Lett. 427, 124-128 (1998). 

46. Pender, S., Fell, J., Chamow, S., Ashkenazi. A ., and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. J. Immunol. 160, 4098-4103 (1998). 

47. Pitti, R, Marsters, S., Lawrence, D., Roy, Kischkel, F., M., Dowd, P., Huang, A., 
Donahue, C., Sherwood, S., Baldwin, D., Godowski, P., Wood, W., Gurney, A., 
Hillan, Y , p anMxrA A Rntstein P.. and Ashkenazi. A. Genomic 
amplification of a decoy receptor for Fas ligand in lung and colon cancer. Nature 
396, 699-703 (1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A ., and Bonavida, B. 
Sensitization of ADDS Kaposi's sarcoma cells to Apo-2 ligand-induced apoptosis 
by actinomycin D. /. Immunol. 162, 5616-5623 (1999). 

49. Gurney, A. Marsters, S., Huang, A., Pitti, R, Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldens, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski, P., and Ashkenazi. A. Identification of a new member of the tumor 
necrosis factor family and its receptor, a human ortholog of mouse GITR Curr . 
Biol. 9, 215-218 (1999). 
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50. AshkenazLA., Pai, R, Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A., DeForge, L., Khoumenis, L, Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest. 104, 155- 
162 (1999). 

5 1 . Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, K.J. Determination of residues involved in ligand binding and signal 
transmission in the human IFN-ct receptor 2. J. Immunol. 163, 766-773 (1999). 

52. Johnsen, A.-C, Haux, J., Steinkjer, B., Nonstad, U., Egeberg, K, Sundan, A., 
Ashkenazi, A., and Espevik, T. Regulation of Apo2L/TRAJL expression in NK 
cells - involvement in NK cell-mediated cytotoxicity. Cytokine 11, 664-672 
(1999). 

53. Roth, W., Isenmann, S., Naumann, U., Kugler, S., Bahr, M., Dichgans, 

. Ashkenazi, A., and Weller, M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483 (1999). 

54. Hymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Connell, M., Kelley, 
R.F., Ashkenazi, A. and de Vos, A.M. Triggering Cell Death: The Crystal 
Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz, S.G., O'Connel, M.P., Utsch, M.H., Hurst, A., Totpal, K, Ashkenazi, 
A, de Vos, AM., Kelley, R.F. A unique zinc-binding site revealed by a high- 
resolution X-ray structure of homotrimeric Apo2L/TRAIL. Biochemistry 39, 633- 
640(2000). 

56. Zhou, Q., Fukushima, P., DeGraff, W., Mitchell, J.B., Stetler-Stevenson, M., 
AshkenazirA. and Steeg, P.S. Radiation and the Apo2L/TRAJJL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpressing cyclin D 1 . Cancer Res. 60, 26 1 1 -26 1 5 (2000). 

57. Kischkel, F.C., Lawrence, D. A, Chuntharapai, A., Schow, P., Kim, J ., and 
Ashkenazi. A. Apo2L/TRAIL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, I.S., Wang, H, * Ashkenazi. A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
immunity. Nature Immunol. 1, 37-41 (2000). 
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59. Marsters, S.A, Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazi, A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologues BCMA and TACI. Curr. Biol. 10, 785-788 (2000). 

60. Kischkel, F.C., and Ashkenazi. A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Biotechniques 29, 506-512 (2000). 

61 . Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillan, K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
Fox, J., Thomas, D., and Ashkenazi, A. Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Nature Med. 7, 383-385 (2001). 

62. Chuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K, Martsters, S.A, 
Koeppen. H.. Ashkenazi. A ., and Kim, K.J. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4. J. Immunol. 
166, 4891-4898 (2001). 

63. Pollack, LP., Erff, M.. and Ashkenazi. A . Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor-related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res. 7,1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, LS. TACI-ligand interactions are 
required for T cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632-637 (2001). 

65. Kischkel, F.C., Lawrence, D. A, Tinel, A., Virmani, A., Schow, P., Gazdar, A., 
Blenis, J., Arnott, D., and Ashkenazi. A . Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. /. 
Biol. Chem. 276, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E., Totpal, K., Morlan, J., Schow, P., 
Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi. A Tumor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax. Nature Med. 8, 274-281 (2002). 

67. Miller, K, Meng, G, Liu, J., Hurst, A., Hsei, V., Wong, W-L., Ekert, R, 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault., Keller, G, Sliwkowski, 
M., Ashkenazi. A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol. 170, 4854-4861 (2003). 
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68. Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, I. and Ashkenazi, A. 
Immune system development in APRIL knockout mice. Submitted. 

Review articles: 

1 . Ashkenazi, A., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII, 263-272 (1988). 

2. Ashkenazi, A ., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol. Scu Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Ammann, A., Kahn, J., Allen, D., Eichberg, J ., Byrn, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-HTV 
therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi. A ., Capon, and D. Ward, R. Immunoadhesins. Int. Rev. Immunol. 10, 
217-225(1993). 

5. Ashkenazi. A ., and Peralta, E. Muscarinic Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi, A. 
Inhibition of erythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A . Cytokine neutralization as a potential therapeutic approach for 
SIRS and shock. J. Biotechnology in Healthcare 1, 197-206 (1994). 

8. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . Immunoadhesins: Principles and Applications. 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). 

11. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281,1305-1308(1998). 

12. Ashkenazi. A ., and Dixit, V. Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell. Biol. 11,255-260(1999). 
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13. Ashkenazi. A . Chapters on Apo2L/TRAIL; DR4, DR5, DcRl, DcR2; and DcR3. 
Online Cytokine Handbook (www.apnet.com/cytokinereference/) . 

14. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

15. LeBlanc, H. and Ashkenazi, A . Apoptosis signaling by Apo2L/TRAIL. Cell Death 
and Differentiation 10, 66-75 (2003). 

16. Almasan, A. and Ashkenazi, A . Apo2L/TRAEL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 
(2003). ' ' . 

Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi. A ., eds., John Wiley and 
Sons Inc.) (1999). ' 

Talks: 

1 . Resistance of primary HTV isolates to CD4 is independent of CD4-gp 1 20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. E3C conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor Immunoadhesins for the Treatment of Sepsis. IBC 
conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Immunoadhesins: an alternative to human antibodies. IBC conference on 
Antibody Engineering. San Diego, CA, December 1993. 

5 . Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1 993. 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of hnmunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1 996. 
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9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

1 0. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

1 1 . Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 
Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 
Stanford University School of Medicine, Palo Alto, CA, December 1 996. 

13. Apo-3: anovel receptor that regulates cell death and inflammation. 4th 
International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. . 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Immunoadhesins: an alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

1 6. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Signaling session. IBC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

18. Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philadelphia, PA, February 1998. 

19. Apo2 ligand and its receptors. American Society of hnmunologists. San 
Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 

May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
. CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23. Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 
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25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1 999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1 999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

3 1 . Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philladelphia, PA, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRAIL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apo2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2L/TRAIL. The Protein Society, 14 th Symposium. 
San Diego, CA, August 2000. 

37. Anti-tumor activity of Apo2L/TRAIL. AAPS annual meeting. Indianapolis, IN 

Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAJX. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAJL. Kenote address, TNF family 
Minisymposium, NTH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001. 

41. Preclinical studies of Apo2L/TRAIL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 200 1 . 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, C A, Jun 2001. 

46. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001 . 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 200 1 . 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001. 

* 49. • Apoptosis signaling by death receptors. American Society of Nephrology 
Conference. San Francisco, CA, Oct 2001. 

50. Targeting death receptors in cancer. Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2IVTRAIL. (Session co-chair) TNF international 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apo2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jari 2003. 

55. Apoptosis induction with Apo2L/TRAIL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003 . 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 
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1. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. and Kogan, T, Carbohydrate-directed crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). 

3. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999). 

4. Ashkenazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5. Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 

reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A. APO-2 Receptor. US patent 6,342,369 (Jan 29, 2002). 

9. Ashkenazi, A. Fong, S., Goddard, A., Gumey, A., Napier, M., Tumas, D., Wood, W. 
A-33 polypeptides. US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A. APO-2LI and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
(Oct 22, 2002). 

12. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B1 (Jun 24, 2003). 
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PATENT 

JN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Ashkenazi et al. 


Group Art Unit: 1647 


Serial No.: 09/903,925 


Examiner: Fozia Hamid 


Filed: July 11,2001 


"f CERTIFICATE OF MAILING i*' '? 'J--, 
I hereby certify that -this -correspondence is beiog deposited with the United *~; " 
States Postal Service with sufficient postage u&st dass mail in an envelope -' 


For. SECRETED AND 

TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS 


'"-addressed to Assistant Commissioner of Patents-TWashingmo, D C 2023 1 an .. ; 





DECLARATION OF AUDREY D. GODDARD, Ph.D UNDER 37 CF.H g 1.132 

Assistant Commissioner of Patents 
Washington, D.C 2023 1 

Sir: 

1, Audrey D. Goddard, Ph.D. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1993 and 200 1,1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
' forms part of this Declaration (Exhibit A). 



Serial No.: * 
Filed: * 

4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PGR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et aL, Biotechnology 10:413-417 (1992) (Exhibit B); Livak et al. 9 PCR 
Methods AroL 4:357-362 (1995) (Exhibit C) and Heid et aL, Genome Res. 6:986-994 (1996) ■ 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et aL, Proc. 
Natl. Acad. Sci. USA 95(25): 147 17- 14722 (1998) (Exhibit E); Pitti et aL, Nature 
396(6712):699-703 (1998) (Exhibit F) and Bieche et aL, Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et aL have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et aL studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et aL used the assay to study gene amplification in breast cancer. 
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Serial No,: * 
Filed: * 



7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown * 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. I* declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 

Date Audrey D. Goddard, Ph.D. 
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AUDREY D. GODDARD, 



Ph.D. 



Genentech, Inc. 
1 DNA Way 

South San Francisco, CA, 94080 

650.225.6429 

goddarda@gene.com 



110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbell.net 



PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



1993-present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs . 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993-1998 



Scientist 



Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 1 7 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 



Ph.D. 



University of Toronto 
Toronto, Ontario, Canada. 
Department of Medical 
Biophysics. 



"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



1989 



Honours B.Sc 

'The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice." 
Supervisor: Dr. G. D. Sweeney 



McMaster University, 
Hamilton, Ontario, Canada. 
Department of Biochemistry 



1983 
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ACADEMIC AWARDS 

Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.L.W. Gill Scholarship 

Business and Professional Women's Club Scholarship . 
Wyerhauser Foundation Scholarship 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
. Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocyte leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 



1989-1992 
1983-1988 
1983 
1983 

1981-1983 
1981-1982 
1980-1981 
1979-1980 
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PATENTS 

Goddard A, Godowski PJ, Gurney AL NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6,426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S f Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351. Date of Patent: 
Feb. 19,2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 1 9, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number: 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,113. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J t Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 1 35-1 42. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17RM. Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. Sci. USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada t.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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We have enhanced the polymerase chain 
reaction (PGR) such that specific I>NA 
sequences can be detected without open- 
ing the reaction tube* This enhancement 
requires the addition of e thidium bromide 
(EtBr) to a FCR- Since the fluorescence of 
EtBr increases in tike presence of double* 
stranded (ds) DNA an increase in fluot^s- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. Tile ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requkiag high sample through- 
put 

Although the potential benefit* of PCR 1 to clin- 
ical diagnostics arc well known 2 9 , it k s* 511 not 
widely used in this setting, even though it is 
four year* eiuco thcrcno*t*bJ« DNA poly™ er- 
ase** made PCR practical. Some of the reasons fot St* slow 
acceptance are high cost, tank of automation of pre-? and 
posc-PCR processing steps, and false positive results, from 
carryovCT^Ontamination. The first two points arc related 
in that labor is the largest contributor to cost at the present 
stage of PCR development. Most current assays require 
some form of "downstream" processing once thermocy* 
ding is done in order -to determine whether the target 
DNA sequence was present and has amplified. These 
include DNA hybridiwtion** gel electr^boresis with or 
without use of restriction digestion*;*, HFJUCr, or capillary 
electrophoresis 10 . These methods ate labor-intense, have 
low throughput, and arc difficult to automate. The third 
point is also ckrecty related to downstream processing. 
The handling of the PCR product in these downstream 
processes increases the chances that amplified DNA will 
spread through the typing lab, resulting in a risk of 



carryover" false positives in subsequent testing". 

These downstream processing steps would be elimi- 
nated if specific amplification and detection of amplified 
DNA took place simultaneously wuhrn an unopened re- 
action vessel Assays m which such different processes take 
place without the need to separate reaction components 
iavc been termed \1*oraogejteou5\ No truly hbmogc-. 
neons PCR assay has been demonstrated to date, afcho.ugh 
progress towards this end has been reported. Chehab, et 
al™ developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product Allcfc-spedfic primers, each with different fluo- 
rescent tags, were used to indicate the genotype of the 
DNA. However, the unincorporated primers must still be 
removed in a do wnstream process in order to visualize the 
result Recently, Holland, et al> 15 , developed an assay in 
*ruch the endogenous 5' cxdnudease assay of Taq DNA 
polymerase was exploited to cleave a labeled oligonucleo- 
tide probe. The probe would only cleave if PCR ampli- 
cation had produced its complementary sequence. In 
order to detect die dcavage products, however, a subse- 
quent process w again needed, 

We have developed a truly homogeneous assay for PGR 
and PCR product detection based upon tbe gready in- 
creased fluorescence that ethidiura bronude and other 
DNA binding dyes exhibit when they ate bound .to. ds- 
DNA t4-ia B £ oucnitcd in Figure 1, a prototype PCR 
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_ 1 Principle of simultaneous amplification and detection of 
PCR product. The comrrfnOTUof a Ptecoatai 
fluoresomt arehsied— EtBr itself, EtBrbcund toothcrssDNAor 
daDN A. There is a large nuorescence enhancement when EtBr is 
bound to I>NA and bmdnijr « greatly enhanced when DNA is 
doimk-suandcd: After sufiidcnt (n>..cydcs of PGR, the net 
increase in dsONA results in additional EtBr binding and a net 
increase in total fluarrsccncc 
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BWSE % Gel electrophoresis of PCft sun plifi cation products of the 
human, mtcfear gene, HLA DQa, made in the presence of 
increasing amounts of EtBr (up to 8 ^gftnl)> The presence of 
EtBr has no obvious effect on the yield or specificity of amplifi- 
cation. 
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HOTtf 9 (A) Florescence measurements trotn PCRs that contain 
0.5 ugfrn! EtBr and that are specific for Y-^iyotnosoinc repeat 
sequence*. Five replicate PCRs begun containing each of the 
DNAs specified. At each indicated cycle, one of the five replicate 
PCRs for each DNA -was removed from thcrmocydmg and Hs 
fluorescence measured, Units of fluoresce nee are arbitrary. (B) 
UV photography of PGR tubes (0,5 ml Eppcndorf^tyle, jxnypnv 
pykne mtero-eentiifuKe tubes) containing reactions, those start* 
uig from 2 ng male DNA and control reactions without any DMA, 
from (Ay 
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begins with primers that are single-stranded DNA (ss- 
DNA)> dNTPs, and DNA polymerase; An amount of 
dsDNA containing the target sequence (target DNA) is 
also typically present* This amount can vary, depending 
on the application, from single-cell amounts of DNA ,T to 
micrograms per PCR^*, If EtBr is present, the reagents 
that will fluoresce, in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the smgk-sirandcd 
DNA primers ami Co the double-stranded target DNA (by 
its intercalation between the stacked bases of the DNA 
doobk>hcfix)* After the first denatu ration cyde* target 
DNA will be largely single-stranded, After a PGR is 
completed, the most signtficant change is the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several micrograms. Formerly free EtBr is bound to the 
additional dsDNA* resulting in an increase in fluores- 
cence There is also some decrease in the amount of 
ssDNA primer, but because toe binding of EtBr to ssDNA 
is much less than to d&DNA, the effect of this change on 
the total fluorescence of the sample is stnalL The fluores- 
cence increase can be measured by directing excitation 
iUuminaiion through the walls of the amplification vessel 
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before and after, or even continuously during, thermocy- 
ding. 

RESULTS 

PGR in the presence of EtBr. In ofder to assess the 
affect of EtBr In PGR, amplifications of the human HLA 
DQa gene* 9 were performed with the dye present at 
concentrations from 0,06 to 8.0 fi^ml (a typicaj concen- 
tration of EtBr used in staining of nucleic acids following 
g«t electrophoresis is 0.5 p-g^mf). As shown in Figure 2, gel 
electrophoresis revealed little or no djjaerence in the yield 
or quality of the amphMcadon product whether EtBr was 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not inhibit PGR, 

Defection of human Y-chiomosonMs specific tft* 
ciDencesu Sequence -specific, fluoresce nee enh anoemein of 
EtBr as a result of PGR was demonstrated in a scries of 
amplifications containing 0.5 u-g/ml EtBr and primers 
specific to repeat DNA sequences found on the human 
Y-chromosomc 2 ^- These FGRs initially contained either 
60 ng male, 60 tig female, 2 ng mak human or no DNA. 
Five replicate PCRs were begun for each DNA, After 9, 
1 7 , 2 1 , 24 and 29 cycles of thermocyding, a FOR for each 
DNA was removed from the thermocyder, and its fluo- 
rescence measured in a spectrofluorometer and plotted 
vs. amplification cyde number (Fiff. 3 A). The shape of this 
curve reflects the fact that by the rime an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cycle number; 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain- 
ing human male DNA, but did not significantly increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus 2 ng— die fewer 
cycles were needed to give a detectable increase in fluo- 
rescence. Gel electrophoresis oo the products of these 
amplifications showed that DNA fragments of the ex- 
pected size were made in the male DNA containing 
reactions and that utile DNA synthesis took place in the 
control samples. 

In addition, the increase in. fluorescence was visualized 
by simply laying the completed, unopened PCRs on a UV 
transilhiminator and photographing them through a red 
filter. This is shown in figure SB tor the reactions that 
began with 2 ng male DNA and those with no DNA. 

Detection of specific allele* of the human fl-globin 
gene. In order to demonstrate that this approach has 
adequate specificity to allow genetic screening, a dttcetion 
of the sickle-ceil anemia mutation was performed. Figure 
4 shows the fluorescence from completed ampMcation* 

containing EtBr (0.5 |tgfaH) as detected by photography 
of the reaction tubes on a UV transiUuminator, These 
reactions were performed using- printer* specific for ei- 
ther the wild-type or sickle-ceil mutation of the human 
p^globin gene* \ The specificity for each allele is imparted 
by placing the sicsJe-mutation site at the terrains! V 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension — and thus an> 
pti&catioh — can take place only if the 5' nucleotide of tte 
primer is complementary to the £-gtobin allele present** • 
Each pair of amplications shown in Figure 4 consists of 
a reaction with etcher the wild-type allele specific (left 
tube) or sfcklc-aiiele spedfic (right tube) primers. Three 
different DN As were typed: DNA from a homozygous, 
wHd-type ^giobin individual (A A); from a heterozygous 
sickle ^Mgiobin individual (AS); and from a homozygous 
sickle p-gfor/m individual (SS). Each DNA (50 ng genomic 
DNA to start each PGR) was analyzed m triplicate (3 pairs 



PAGE 3/6 8 RCVD AT 7/19/2004 3:10:03 PM [Pacific Daylight TimeJ 8 SVR:SVCS01/0 * DNIS:6638 * CSiD:650 952 9881 * DURATION (mm-ss):0446 



JUL -19-2004 13:51 FROM:GENENTI 



rmocy. 




GAL 650 95E 9881 



P:4' 



c f reactions each). The DNA .type vas reflected in the : 
Jjative fluorescence intensities in each fair of completed 
flfnp lificatioiifi. There was a significant increase in fluores- 
ce* only where a frglobin allele DNA matched the 
primer set. When measured on a spectroflnorometer 
Main not shown), this 6uorc3ccn.ee was about three times 
|}^t present in a FCR where both p-globin alkies were 
jnisitiatchcd to the primer sec Gel electrophoresis (not 
^iown) established that this increase in fluorescence was 
due to the synthesis of nearly a microgram of a DNA 
figment of the expected size for p^lobin. There was 
Jitdc synthesis of dsDNA in reactions in which the ailete- 
specific primer was mismatched to both alleles. 

Coorimiow monitoring of a PGR^ Using a fiber optic 
devker H is possible to direct excitation illumination from 
j, j^pectrofluorometer to a PGR undergoing thermocyding 
and to return its fluorescence to the ^pectroftuoromcter. 
The fluorescence readout of such an arrangement, di- 
rected at an EtBr-concaining amplification of Y-chroroo* 
some specific sequences from 25 ng of human male DNA, 
U shown in Figure 5. The readout from a control ICR 
whh no target DNA is also shown. Thirty cycles of PGR 
were monitored for each- 

The fluorescence trace as a function of time dearly 
shows the effect of the theraocyding. Fluorescence inten- 
tly rises and .foils inversely with temperature. The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (94°C) and maximum at the annealin ^extension 
temperature (50°C>. In the negative-control FCR, these 
fluorescence maxima and minima do pot change signifi- 
cantly over the thirty t^cxraocycte, indicating that there is 
little dsDNA synthesis without the appropriate target 
DNA, and there is little if any Meactung of EtBr during 
die continuous flluminatkm Of the sample. 

Jn the PGR containing male DNA, the fluorescence 
maxima at the annealmgfexcension temperature begin to 
increase at about 4000 seconds' of thcrroocyclmg, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable level. Note that the fluo- 
rescence minima at the denaturation temperature do not 
significantly increase, presumably because at thh temper- 
ature there is no dsDNA for EtBr to bind- Thus the course 
of the amplification is followed by tracking the fluorcs-. 
cenee increase at the annealing temperature. Analysis of 
the products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the caqpcctcd size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample. 

DISCUSSION 

Downstream processes such as- hybridization to a se- 
quence-specific probe can enhance tlie specificity of DNA 

deteuiuu by FCR. The elimination, of tlicac procewco 

means that* the specificity of this homogeneous assay 
depends solely on thai of FCR. In the case of skkle-celi 
disease, we have shown that PGR alooc has sufficient DNA 
sequence apcrificky to permit genetic screening. Using 
appropriate amplification conditions, there is little non- 
specific production of dsDNA in the absence of the 
appropriate target allele* 

The specificity required to detect pathogens can be 
more or less than mat required" to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be token with the 
sample. A difficult target is HIV, which requires detection 
of a viral genome that can be at the level of a few copies 
per thousands of host cells*. Compared with genetic 
screening, which is performed on ceils containing at least 
one copy of die target sequence* HIV detection requires 
both more specificity and the input of more total 
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****** ^ UV photography of FCR tubes containing aim _ 

using EtBr that art specific to wild-type (A) or ncXte CS> alleles of 
the human £-gtobin gene. The left of each paired tube* ccratains 
aDelt*specific primers to the wild-type aHeks, the righi tube 
primers to the sicWe atteks. The photograph was taken after 30 
cycles of PCX and the input DNAs and the alkfcs ihey contain 
are indicated. Fifty lag of DNA was used to bCera PGR. Typing 
was done in triplicate (3 pair* ofFC&O for each input DNA. 
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fffitn&S Contittttous, real-time monitormj of a rX^t A fiber optk 
was wed to carry excitation H ght to a PC R ha 
emitted light back to a (Hiorocnctcr (see Experimental ^ocoj). 
Anrohncadoa using human malo-DNA spcone primers in a PQt 
Starting with 20 rtg of human nude DNA (too), in a control 
FCR without PNA (bottom), were poonhorcd. Thirty cyd« of 
PGR were foJJowcd for each, The tempcTTrture cycled between 
WC (denaturation) and 50*C (annealing and extension}. Note in 
the male DNA PCR, the cycle (tune) ckpeodcot mereasc in 
fluorescence at the aorteafin#e*tenaura icmperature. 
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DNA — up to microgram amoun&~iii order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DMA m an amplification stjmi&oaurty increases 
the background fluorescence over whidt any additional 
fluorescence produced by PCR must be detected. An 
additional complication that occurs with targets in low 
copy-number is the formation of the 4 *primer-dimer" 
artifact. This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently, once it occurs the extension product is a 
substrate for PCR amplification, and can compete with 
true PCR targets if those targets are rare. The primfer- 
dimcr product is of course dsDNA and thus is a potential 
source of false signal in this homogeneous a*$ay. 

To increase FCR specificity and reduce the effect of 
primer-dimcr amplification, we are investigating a num- 
ber of approaches, including the use of nested-primer 
amplification* that take place in a single tube 3 , and the 
"hot-start", in which nonspecific amplication is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins 25 . PieJhjunary results using these ap- 
proaches suggest tbat^rniicT^iracT b effectively reduced 
and it is possible to delect the increase in Etfir fluores- 
cence in a FCR instigated by a single HIV genome in a 
background of 10* edts. With larger number* of cells, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To. reduce this background, it may 
be possible to use sequence^pecihe DNA-binding dyes 
that can be made to preferentially bind PCR product over 
genomic DNA by incorporating the dye-binding DNA 
sequence into the PCR product through a 5' *add-on" to , 
the olironiideodde primer 2 ' 1 . 

We nave shown that the detection of fluorescence 
generated by an EtBr-containing FCR is straightforward, 
both once PCR is completed and continuously during 
ihermocycfing. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The Huorescenee analysis 
of completed PCRs is alreadypossiblc with existing instru- 
mentation in 96-weJl format^ In this format* the fluores- 
cence in each PCR can be guantitated before, after, and 
even at selected points during therraocyciing by moving 
the rack of PCRs to a 96-microwcH plate Huorescenee 
reader 20 . 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple nberopdes transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number- Figure 3 shows that 
the larger the amount of starting target DNA, the sooner 
during PCR a fluorescence increase is detected. Prelimi- 
nary experiments (Higuchi and DoUinger, manuscript in 
preparation) with continuous monitoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as a can be in genetic screeimg-^ntinuous 
monitoring may provide a means of detecting false posi- 
tive and false negative results. With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PCR* 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts. False negative 
results due to, for example,, inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
inefficiently amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cles — many more than arc necessary K> detect a true 
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positive. If a sample fails to ha\-e a Huorescenee increase 
alter this many cycles, inhibition may be suspected. Since, 
u> this assay, conclusions are drawn based on the presence 
or absence of rluorescence signal alone, such controls may 
be important. In any event, before any test based on this 
principle is ready for the clinic, an assessment of its false 
positive/false negative rates wDl need to be obtained using 
a large number of known samples. 

In summary, the inclusion m PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA ampliEcatton from outside 
the PCR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applications that demand the high throughput of 
samples. 

EXPERIMENTAL PROTOCOL 

Human HLA-DQa gene ampWoadons cimtaining EtBi. 
PCRs were set up in 100 fU volumes containing 10 mM Tris-HCK 
pH 8.3; 50 mM KC1; 4 roM MgO*: t-5 unit* of ton DNA 
polymerase (PerVm*E)mcr Cctm. Norvalk* CT); 20 pinole each 
of human HtA-DQa gene specific oligonudcoade primers 
GH26 and CHS7 19 and apprcocunately 10* copies of DQfr PCfc 
product diluted from a previous reaction. Ethwfium bromide 
(EtBr; Sigma} w« used at the concentrations indicated id Figure 
2. Theimocyding proceeded for 20 cvdes in a model 4S0 
OierHKxydcr (Perbn-Buwr Coma, Nnrwaik, CT) using a "step- 
cycle" program of 94*C for 1 mm-dcuatiirauon and for 30 
sec autveaimg and 72°C for 30 sec extenstox). 

Y-chromosomc specific PCR. PCRs (JOO ul total reaction 
volume) containing %Jb )*g/ml JEtBr were prepared as described 
For HLA-DQOr except with different primers and target DNAs. 
These PCRs cont&acd J $ pmolc each male DN A-spccific primer* 
YI. 1 and V 1.2*°, and either 60 ng male, 00 og female, 2 ng mak, 
or no human DNA. Tnerrnocyding was94*CTor 1 min- and 60X: 
for I min using a "stcp<yde* program- The number of cycles for 
a sample were as indicated in figure 3. fluorescence measure- 
ment is described below. 

AUcfe-apccific, human p-giobin pa* PCR* Amplifications of 
100 fd volume using 0 5 ufi/ml of £tBr were prepared *s 
described for HLA-UQ* above except with different primers and 
target DNAs. These PCRs contained either, primer pair HGPt/ 
HP 14A <wflo-type globtn specific primers) or HGmipMS <sk*- 
lc-giobin spedfic primers) at 10 pmole each primer per FCR. 
These prhncrs were developed by Wu ct aL 21 . Three different 
target DNA* were used in separate amplifications-— 50 ng each of 
human DNA that was homozygous for the sfcWc trait (5S)» DNA 
that was heterozygous for the sickle trak (A$)» or DNA that waj 
homozygous for UK W.t- giobm (AA). Thcrmocycfing was for 30 
cycles al$4"C for 1 min. and 5S*C Cor 1 min. itsmg 3 "stcp-cycfcT 
program. An anneaHng temperature of55°C had heen shown try 
Wu et al. 21 to provkfc aildc^pcrific atnpnficauon. ^rnplcted 
PCRs were prKtographed through a red filter fWratien^rSA) 
after placing the reaction tubes amp a model TM-36 transfflutm- 
nator (UV-producw San Gabriel, CA). 

Florescence meaamtmem. Flt^rescence rncasurements were 
made on PCRs contalnmg Et»r «n a Fluorolog-2 fluoromctcr 
(SPEX Edison. NJ). Ex* 5 ^" - s ^ ^ ^ w k ^ r1 ^ 
about 2 ntn bandwidth 1 



fSPHX Edison. NJ). Exdtation was at the 500 ran band wjth 
about 2 ntn bandwidth with a GG 435 ntn cut-off titer jMdto 
Grist Inc.* Irvine. CA) to exclude second-order light. EmrtteO 
light was detected at 570 nm with a bartdwidU) of about 7 nm. An 
OG 530 »m cut-off fiJter was used to remove the excitation h#it 
ContiououA rmor^ieenoe monitoring of PCR, ^nrmuous 
monitoring oif a PCR in prOfircss was arxompJubed usiiujf aiC 
fipcctrofiuoromeicr and letdnga descrtbed ftbovc as weU as a 
fmcroptic accessory (SP£X cat no. 1950)10 both send excrtauon 
fight u>. and receive emiu«d tight from, a PCR placed m a well at 
a model 480 tfrejmocycicr (Ferkm-Eimer Cetus). The probe enn 



the PCR tube and the end of the fiberoptic cable were shielded 
from room light and the room lights were kept dimmed during 
each mn. The monitored PCR was an ampliticauOn of Y-cbro- 
rrK^ome^pcdrk repeat sequences as described above, except 
usinff an anneab'nefectensiott teRiperauirc of 50°C. The reaction 
was coveted with mir*er*l oil (2 drops) to prevent evaporation. 
Tberroocyding- and fluorcsccrjcc measurement were started 
multancously . A umc-basc scan witft a 10 second intcgrahoo mnc 
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K aa urhI and the «ml$*IOtt signal was ratioed to tftc excitation 
sign*! U> control foe ctoDftt* in light-source intensity. Dad .were 
collected using the draSOOOf, version S.5 (SPEX) data system. 

We ttani Bob lone* for help with the spjectrofluormetrie 
flrtAfltiremcnu and tfealherbelj Fon# for editing this manuscript 
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IMMUNO BIOLOGICAL LABORATORIES 



SCD-14EUSA 

Trauma, Shock and Sepsis 




The CO-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for lipopofysaccharide 
(LPS) complexed to LPS-Binding-Pratein (IBP). The 
concentration of Its soluble form is altered under 
certain pathological conditions. There is evidence for 
an Important role of $00-14. with polytrauma, sepsis, 
burnings and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic man\er -and is therefore of value in 
monftorlng these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CD-14 in human serum, -ptesma, cell-cufture 

supematants and other biological fluids. 

Assay features: 12x8 determinations 
(microliter strips), 
precoated with a specific 
monoctona} antibody, 
2x1 hour incubation, 
standard range: 3-96 ng/ml 
detection limit 1 ng/ml 
CV: intra- and Merassay < 8% 



For more information caM or fax 
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We have enhanced the polymerase chain 
reaction (PGR) such that specific I>NA 
sequences can be detected without open- 
ing the reaction tube. This enhafceeraettt 
requires the addition of ethidium bjromide 
(EtBr) to a PGR. Since &e fluorescence of 
EtBr increases in the presence of double- 
stranded (ds) DNA an increase in fluores- 
cence in *uch a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In fact, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific DNA sapiences 
and detect the product of the amplification 
both simplifies and improves PGR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiriag high sample through- 
put 

Although the potential benefits of PCR 1 to.clio- 
kai o&gnosacs arc well known* 9 , it is still not 
widely used in this setting, even dtough *« » 
Font- year* eineo thera*o*t=ibI« DNA poty™ pr- 
ases 4 made PCR practical Some of the reasons for it* $low 
acceptance are high cost, tack of automation of pre- and 
post-PCR processing steps, and false positive results, from 
carryover -contamination . The first two points are related 
in that labor is the largest contributor to cost at the present 
stage of PGR development. Most Current assays require 
some fonn of "downstream" processing once tnermocy* 
ding is done in order *o determine whether the target 
DNA sequence was- present and has amplified. These 
include DNA hybridiwoon 5 * gel electrophoresis with or 
without use of restriction digestion*:*/ HFLCr, or capillary 
electrophoresis 10 . These methods are labor-intense, hare 
tow throughput, and are difficult to automate. The third 
point is also closely related to downstream processing. 
The handling of the VCk product in these downstream 
processes increases the chances that amplified DNA .wilt 
apread through the typing lab, resulung in a .risk of 



carryover" false positives in subsequent testing". 
These downstream processing steps would be eUnw 
rated if specific amplification and detection of amplified 
DNA took place simultaneously within an unopened re- 
action vessel Assays in which such different processes take 
place without, the need to separate reaction components 
iave been termed •Ijomogerteous''. No truly homoge- 
neous PGR assay has been demonstrated to date, afohongh 
progress towards this end has been reported. Chehab, et 
al l * developed a PGR product detection scheme using 
fluorescent primers that resulted in a fluorescent PGR 
product Allclc^pecific primers, each with different fluo- 
rescent tags, were used to indicate the genotype of the 
DNA. However, the unincorporated primers must still oe 
removed in a downstream process in order to vtsuahzc the 
result Recently, Holland, et a*. 18 , developed a» assay in 
which the endogenous 5' exooudease assay of T^ DNA 
polymerase was exploited to cleave a labeied oligonucleo- 
tide probe. The probe would only dcave if PGR amplifi- 
cation had produced its complementary sequence. In 
order to detect the cJcavage products, however, a subse- 
quent process » again needed. 

We have developed a truly homogeneous assay For PGR 
and PGR product detection based upon the gready m- 
creased fluorescence that ethidiura bromide and other j 
DNA binding dyes exhibit when they are bound .toj*- 
DNA* 4 " 1 *. As outhnea in Figure 1, a prototypic PGR 



/ 



J#OM*^ conaiaing 
(op u> jropyotf) 
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d*0NA fCR prodtWt 
(up <c <r;ad p>£j 

HQQBi 1 Principle of simultaneous amplification and detection of j 
PCR product The component* of a PCR containing EtBr that arc 
Quoreseent are ftsted— £tBr itself, Eu3r bound to ouk^ssONAot 
daDN A. There is a large wwresccncc cnhanconcnl when EtBr is 
bound to DNA and holding u gi cady enhanced when DNA .is 
doubk-stranded. After sumoent (n). cycks of PGR, the net \ 
iacvease in dsONA results in additional EtBr banding and » net 
incrcftse in total fluorescence: 
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fNQKI 2 Gel electrophoresis of PClt amplification products of the 
human, fcitdear gene, HLA DQtt, made in the presence of 
increasing amounts of EtBr (up to 8 p-g/tnl). Tfcc presence of 
EtBr has no obvious effect on the yield or specificity of amplifi- 
cation. 
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(A) fluorescence measurements from PCRs that contain 
0.5 ugfrn! EtBr and that are specific for Y<Jjjromo$OOTc repeat 
sequence*. Five replicate PCRs were begun containing each of the 
DN As specified. At each indicated cycle, one of the five replicate 
PCKs fi>r each DNA -was removed from thcrmocydmg and H$ 
fluorescence measured. Units of fluorescence are arbitrary. (B) 
UV photography of PCR tube* (0.5 ml Eppcndorfctylc, jxHypro- 
pylcne mtcro-ctmrifXigc tubes) containing reactions, those start- 
ing from 2 ng male DNA and control reactions without any DMA, 
from (A). 
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begins with primers that are single-stranded DNA (ss* 
DNA), dNTPs, and DNA polymerase! An amount of 
dsDNA containing the target sequence (target DNA) is 
also typically present. This amount can vary, depending 
on the application, from single-cell amount* of DNA 17 to 
micrograms per PCRJ 6 , If EtBr is present the reagents 
that will fluoresce, in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the single-stranded 
DNA primers ami to the double-stranded target DNA (by 
its intercalation between the stacked bases of the DNA 
doub^hciw)* After the first denatu ration cyde, target 
DNA will be largely single-stranded. After a PCR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several micrograms- Formerly free EtBr is bound to the 
additional dsDNA, resulting in an increase in fluores- 
cence. There is also some decrease in the amount of 
ssDNA primer, but because the binding of EtBr to ssDNA 
is much less than to dsDNA, the effect of this change on 
the total fluorescence of the sample is small* The fluores- 
cence increase can be measured by directing excitation 
illumination through the walls of the amplification vessel 
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before and after, or even continuously during, thermocy- 
chng. 

RESULTS 

PCR id the presence of EtBr. In order to assets the 
affect of EtBr in FOR, amplifications of the human Hij\ 
DQa gene* 9 were performed with the dye present at 
concentrations from 0.06 to 8.0 ftg/ml (a tyoieal concen- 
tration of EtBr used in staining of nucleic actds following 
get electrophoresis is 0.5 pg/rnf). As shown in Figure 2, gel 
electrophoresis revealed little or no diflerence in the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not inhibit PCR, 

Detection of human Y-chromo«>ra«) specific st> 
anences* SequerKx^pecific, fluorescence enhancement of 
EtBr as a result of PCR was demonstrated in a scries of 
amplifications containing 0.5 ug/mi EtBr and primers 
specific to repeat DNA sequences found on the human 
Y-chromosomc 1 ^. These PCRs initially contained cither 
60 ng male. 60 ng female, 2 ng mak human or no DNA. 
Five replicate PCRs were begun for each DNA. After 
17, 21 , 24 and 29 cycles of theriuocyding, a PCR for each 
DNA was removed from the thermocyder, and its. fluo- 
rescence measured in a spectroffaorometer and plotted 
vs. amplification cycle number (Fig. 3 A). The shape of th» 
curve reflects the fact that by the rime an increase in 
fluorescence can be detected, die increase in DNA U 
becoming linear and not exponential with cycle number; 
As shown, the fluorescence increased about three-fold 
ewer the background fluorescence for the PCRs contain- 
ing human male DNA, but did not signifkandy increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus 2 ng— rhe fewer 
cycles were needed to give a detectable increase in fluo- 
rescence. Gel eleeuxmnoresi* on the products of these 
amplifications showed that DNA fragments of the ex- 
pected she were made in the male DNA containing 
reactions and that Utile DNA synthesis took place in the 
control samples. 

In addition, the increase in fluorescence was visualized 
by simply laying the completed, unopened PCRs on a W 
trandlhiminatOT and photographing them through a red 
Alter. This is shown in figure SB for the reactions that 
began with 2 ng male DNA and those with no DNA. 

Detection of specific allele* of the human fl-globm 
gene, in order to demonstrate that this approach has 
adequate specificity to allow genetic screening,, a dttccxion 
of the? sickle-ceil anemia mutation was performed Figure 
4 shows the fluorescence from completed ampltfications 
containing EtBr (0.5 i*.gfail) as detected by photography 

of the reaction tubes on a U V rxansuluminator. These 
reactions were performed using primers specific for ci- 
ther the wild-type or sickle-cell mutation of the human 
p-globin gene . The specificity for each allele is imparted 
by placing the slrJ^e-mutadon site at the teiroinal V 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension— and thus an> 
ptincation — can take place only if the 3' nucleotide of the 
primer is complementary to the p-globin allele present 7 ' « 
Each pair Of amplifications shown in Figure 4 consists of 
a reaction with either the wild-type allele specific fleft 
tube) or sfckle-alleie specific (right tube) primers. Three 
different DN As were typed: DNA from a homozygous, 
wild-type p-globin individual <AA); from a heterozygous 
sickle fl^febin individual (AS); and from a homozygous 
sickle P-globm individual (SS). Each DNA (50 ng genomic 
DNA to start each PGR) was analyzed m triplicate (3 pairs 
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0 f reactions each). The DNA .type vas reflected in the 
relative fluorescence intensities in each pair of completed 
flm p]i£catk>n&. There was a significant increase in fluores- 
cence only where a p-globin allele DNA matched the 
primer set. When measured on. a spcctrofluoroaictcr 
&ata not shown), this fluorescence was about three times 
present in a PCR where both 0-globm alleles were 
jtibmatchcd to the primer set. Gel electrophoresis (not 
pjuwn) established that this increase in fluorescence was 
due to the synthesis of nearly a microgram of a DNA 
fragment of the expected size for ^lobin. There was 
(tttlc synthesis of dsDNA b reactions in which the aikle- 
$nednc primer was mismatched to both alleles. 

Continuous moatoring of a PGR/ Using a fiber optic 
devkerit i* possible to direct excitation illumination from 
? spectrofl uorometer to a PCR undergoing thcrmocycling 
ajid to return its fluorescence TO the sjttttroftuorometcr* 
The fluorescence readout of such an arrangement, di- 
rected at an EtBi^concaining amplification of Y<hroroo- 
jofnc specific sequences from 25 ng of Iranian mate DNA* 
to shown in Figure 5. The readout from a control t»CR 
wn h no target DNA is also shown. Thirty cycles of PCR 
were monitored for each. 

The fluorescence trace as a function of time dearly 
shows the effect of die theraocyciing. Fluorescence inten- 
sity riaes and. fcdb inversely with temperature. The fluo- 
rescence intensity is minimum at the denaturalion tem- 
perature (94°Q and maximum at the anneaUng/extension 
temperature (50°C). In the negative-control PCR, these 
fluorescence maxima and minima do not change signifi- 
cantly over the thirty thcmOcycJefi, indicating that there is 
little dsDNA synthesis without the appropriate target 
DNA, and there b little if any bleaching of EtBr during 
(he continuous illumination of the sample. 

In the PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
increase at about 4000 seconds of thermccychng, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable level. Note that the fluo- 
rescence minima at the denaturatioa temperature do not 
significantly increase, presumably because al this temper- 
ature there is no dsDNA for EtBr to bind- Thus the course 
of the amplification is followed by tracking the fluorcs~. 
cence increase at the annealing temperature. Analysis of 
the products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the e*pectcd siie for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sampte* 

DISCUSSION 

Downstream processes such as hybridization to a se- 
quence-spednc probe can enhance die specificity of DNA 
detevtiuu by PCR, The eHmiwrtkm of die*: processes 
means that' the specificity of this homogeneous assay 
depends solely on dial of FCtL In the case of sickle-cell 
disease, we have shown that PGR alone has sufficient DNA 
sequence specificity to permit genetic screening. Using 
appropriate amplification conditions, there is little non- 
Specific production of dsDNA in the absence of the 
appropriate target allele. 

The specificity required to detect pathogens can be 
more or less than that required* to do genetic screening, 
depending on the number of pathogens in the samolc and 
the amount of other DNA chat must be taken with the 
sample. A difficult target is HIV, which tccjiutcb detection 
of a viral gcnOrne that can be at the level of a few copies 
per thousands of host cells*. Compared with genetic 
screening, which is performed on cells containing at least 
one copy of the target sequence^ HIV detection requires 
both more specificity and the input of more total 
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UV photography of PCR tubes containing ainoWkftuons 
using EtBr that are specific to viWUtrpc (A) or stcWc GS> atides of 
the human P-globin gene. The left of each pair of tubes con tains 
aBele-specinc primers to the wild-type alleles, the right tube 
primers to the skWe attete- The photograph was taken after SO 
cycles of PCR, and the input DNAs and the alleles thev contain 
are indicated- ififty tog of DNA was used to bepn PGR. Typing 
was done in triplicate (3 pair* of FCfcs) for each mpm DNA 
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tttfn& 5 Continuous, real-time monitoring of a PCR. A fiber optic 
was used to carry excitation light to a PCR m progress and also 
emitted light back to a flooromctcr (sec Exoenmcntal ^ocoty 
Amptincauon using numan roale-DNA specific pnmers in a PCR 
Starting with tO ng of human male DNA (top), or in a dtttroi 
PCR without PNA (bottom), were monitored, Thuty cyd« of 
PCR were followed for each. The temperature cycled between 
94*C (denaturauon) and 50*C (annealing and extension). Note in 
the male DNA PCR*. the cycle (time) dependent mercasc in 
fluorescence at the aiuieaBn^extenaton temperature. 
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DNA— up to microgram amounts^ a order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DNA *m an amplification sigftifteantly increases 
the background fluorescence over which anr additional 
fluorescence produced by PGR must be detected. An 
additional complication that occurs with targets in low 
copy-number is the formation of the "primer-dimer" 
artifact. This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently, once it occurs the extension product is a 
substrate for PCR amplification, and can compete with 
true PCR targets if those targets are rare. The primer- 
dimcr product is of course dsDNA and thus is a potential 
source of false signal in this homogeneous assay. 
To increase PCR specificity and reduce the effect of 

gnmer-dimcr antplifkation, we are investigating a num- 
er of approaches, including the use of nested-primer 
amplification* that take place in a smgic tube 8 , and the 
'liot-start*', in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins 45 . Preliminary results using these ap- 
proaches suggest thacprimcr-dUTJCT b effectively reduced 
and it is possible to detect the increase in EtBr fluores- 
cence in a PCR instigated by a single HIV genome in a 
background of 10 5 celts. With larger numbers of ccH-s the 
background fluorescence contributed by genomic DNA 
becomes problematic. To reduce this background, it may 
be possible to use sequence-specific DNA-binding dyes 
that can be made to preferentially bind PCR product over 
genomic DNA by incorporating the dye-binding DNA 
sequence into the PCR product through a 5' "add-on" to . 
the ouronudcotidc primer* 1 . 

We have shown that the detection of fluorescence 
generated by an EtBr-containing PCR is straightforward, 
both once PGR is completed and continuously during 
thermocyefing. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The fluorescence analysis 
of completed PCRs is alreadytiosstblc with existing instru- 
mentation in 96-well format* . In this format; the fluores- 
cence in each PCR can be ouantitated before, after, and 
even at selected points during therraocyciing by moving 
the rack of PCRs to a. 96MmcrowclI plate fluorescence 
reader* 0 . 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberoptics transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy mimbcr- Figure 3 shows that 
the larger the amount of starting target DNA, the sooner 
during PCR a fluorescence increase is detected* Prelimi- 
nary experiments <Higuchi and Dollinger, manuscript in 
preparation) with continuous monitoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as it can be in genetic screenmg-rcontinuous 
monitoring may provide a means pf detecting false posi- 
tive and false negative results. With a known number of 
target molecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cyeks of PCR* 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts. False negative 
results due to, for example,, inhibition of DNA polymer- 
ase, may be detected by including within each PGR an 
inefficiently amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cles— -many more than arc necessary to detect a true 
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positive. If a sample fails to have a fluorescence increase 
after this many cycles, inhibition may be suspected. Since, 
b this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such controls may 
be important. In any event before any test based on this 
principle is ready for the clinic, an assessment of its false 
positive/false negative rates wOl need to be obtained using 
a large number of known saroples- 

In summary, the inclusion m PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PCR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applicaiions that demand the high throughput of 
samples* 

EXPERIMENTAL PROTOCOL 

Human HLA-DQm gene *mpUfkati<»s containing EtBr. 
PCRs were set op inlOO u4 volumes confining 10 mM Tris^HCL 
pH 8.3; 50 mM KC1; 4 mM MgC^t « units of Taa DNA 
polymerase (Per1tin*£}mc4r Genu, Norwalk, CT); 20 prriole each 
of human HtA-DQa gene specific oligonucleotide primers 
GH26 and CH27 W and approximately HP copies of DQfc PCfc 
product diluted from a previous reaction. Ethidium bromide 
(El Br; Sigrna} was used M the concentrations indicated in Figure 
2. Thermocyding proceeded for 20 cycles in a model 4&0 
uWmocydcr (Perkin-EJtter Cetna, Norwalk, CT) uanga "steo- 
cycJc" program of 94*C for 2 rain* denaturation and 60*C for s0 
sec annealing and for 30 sec. extension 

Y-cAroxnraraK specific POL PCRs (100 ul total reaction 
volume) ccmtatflingO.5 >*g/«»l EtBr were prepared as described 
for HLA'DQo, except with dr&crcnt primers and target DNAs. 
These PCRs contained J * pmolc each male DN A^pccifcc prtoten 
YI . 1 and V and cither 60 ng male, €0 eefemate, 2 ng mak. 
or no human DNA. Thermocyding w*s94*CTor 1 nun- and G&C 
for 1 tnin using a "rtcp-cyde* program. The number of cycles for 
a sample were as indicated in figure 3. Fluorescence measure- 
ment is described below. 

Aileie^spccxncy human f^Mnm gcofi PCR, Amplifications of 
100 sU volume using 0 5 ugAnl of £tBr were prepared »* 
described for HLA-DQ* above except with different primers and 
target DNAs. These PCRs contained prjmcr pair HGP*/ 

H#4A <wftd-type tfobin srwEc primers) or HGP2/Hjn*S <sk£- 
lc-riobin spcdKc primers) at 10 pmoJe each pruncr pet KK, 
These winters were developed by Wu et aL 21 . Three different 
target DNA* were used to separate amplificatkma— 50 ng each of 
human DNA that was homozygous for the sfcUte trait <SS)» DMA 
that was heterozygous for the sickle wait (AS), or DNA that 
homozygous for the w.c gJobin (AA). ThcTmocycEng was far SO 
cycles at 94X) for 1 nun. and 55«C for 1 min. itsu>$ a f, step-cy^ 
program. An annealing temperature of hadnccn shown by 
Wu et al. 2< to provide alldc^pcdfic amplification* ^mplcted 
PCRs were pfKrtographcd through a red filter (Wratten^A) 
after placing the reaction tubes atop a model TM-S6 transinufX>i- 
natnr (OV-products SanGabrtel, CA>. 

Fhioresccnce meaanxEinetit. Fluorescence rneasurcracn^ were 
made oh PCRs containing EtBr in a Fluorolog-2 flttoromCter 
(SPEX, Edison* NJ). Excitation was at the 500 did band with 
ibour 2 nm bandwidth with a GG 4*5 mn cu t^ff ^er j^es 
Crist, Inc. Irvine. CA) to exclude sco^order Wht. Ewnwd 
light was detected W 570 nm with a bandwidth of about 7 run. An 
<X> 530 pm cut-oft" filter was used to remove the exotauon hp\l 

ContfououA taMKesccnoe monHorm; of POL Continuous 
monitoring of a PCR in progress was accomplished using die 
spectrofluorometer and setdnga descrtbed Above as well as a 
fiberoptic accessory (SPEX cat no. 1950) to both send exatauon 
fight to. and receive emitted Ught from, a PCR pW m a wcHj 
a model 480 ihejwcyclcr (Ptrk'm-Elmer Cetos). The probe end 
of the fiberoptic cable was attached with "5 rx&o .ute-cpoxy* to the 
open top of a PCR tube (a 0.5 ml polypropylene centrifuge woe 
with its cap removed) effectively sealing it The exposed top <n 
the PCR tube and the end of the fiberoptic caWc were shjeWca 
from room light and the roott lights were kept dimmed dormg 
each mn. The monitored PCR was an amplication of Y-cdto- 
rnosome-spcdfk repeat sequences described above, e*ce|>t 
usinff an anneah'ngfectensioti temperauire of BOX. The reacpon 
was covered wHh wineral oil (2 drops) to prevent evaporation- 
TbeTTnocycUrjg and fluorescence measurement were 5tar<eO si- 
multaneously. A tune-base scan with a 10 second mtegranoo tone 
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used and ihc emission signal was ration! to' tbc excitation 
fligdAl to control foe chases* «i li^ht-wurcc intensity. Data were 
^Heeled lining the dro^WOf, version £.5 (SFEX) data system. 
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sCD-14 EUSA 

Trauma, Shock and Sepsis 




The CD-14 molecule is expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD-14 is a receptor for lipopolysaccharide 
(LPS) complexed to LPS-8inding-Protein (LBP). The 
concentration of Its soluble form is altered under 
certain pathological conditions. There is evidence for 
an important note of $CD-14.with polytrauma, sepsis, 
burnings and inftamrnations. 
During septic conditions and acute infections it seems 
to be a prognostic marker tind is therefore of value in 
monitoring these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CD-14 in human serum, -ptasma, cell-culture 

supematants and other biological fluids. 

Assay features: 12x8 determinations 
(microliter strips), 
precoated with a specific 
monoclonal antibody, 
2x1 hour incubation, 
standard range: 3-96 ng/rni 
detection limit: 1 ng/ml 
CV: intra- and interassay < 8% 



for more information caH or fax 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J, Llvak, Susan J.A. Flood, Jeffrey Marm*ro, William Gtusti, and Karin Deetz 
Perkln-Elmcr, Applied Utosystcnu Division, Hitter City, California 94404 



The 5' fiucleat* PCR mtsmy datnets the 
Accumulation of specific PCR product! 
by hybridization and cleavage of a 
double-lahcl«d fluorogertic probe 
during the amplification reaction. 
The probe Is an oligonucleotide with 
both a r*port*r fluorescent dye ami a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dicates that the probe has hybridized 
to the target PCR product and Um% 
bc«n cleaved by the 5*^3' nude- 
o lytic activity of Too DNA polymerase 
In this study, probes with the 
quencher dye Attached to an Internal 
nucleotide were compared with 
probe* with the quencher dye at- 
tached to the 3'-end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' end. All Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal in the 5' nuclease PCR assay than 
the Internally labeled probes* It Is 
proposed that the larger signal Is 
caused by Increased likelihood vf 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also exhibited 
on Increase In reporter fluorescence 
Intensity when hybridized to a com- 
plementary strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybrldlza- 



r\ homogeneous a^say for detecting 
the Ht\*ur nutation of specific l"Ctt prod- 
uct ihat uses a double-labeled fluoro- 
genic probe was described by Lee et al, 0> 
The assay exploits the 5' - » 3' nucle- 
oli Ic activity of Taq DNA poly- 
meiaae* 7 "^ anO h diagramed in Figure 1. 
The fluoiogeiuY- probe consist? of an oli- 
gonucleotide with u reporter fluorescent 
dye, >mli a* a fluorescein, attached TO 
Uic 5' end; and a quencher dye, such as a 
rhodamine, attached Internally. When 
ttie fluorescein is excited by Irradiation, 
Us fluorescent emission will be 
quenched if Uic iliodauiliic b Close 
enough to be excited through the pro- 
cess of fluorescence energy transler 
(l ! CT). M -« During PCX If the probe is hy- 
bridized to a template shaiid, Taq DNA 
polymerase will cleave the probe be- 
cause of its inherent .V 3' nucleolytic 
activity. If the cleavage occurs between 
the fluorescein and rhodamine dyes, it 
causes an increase in fluoicsvem fluores- 
cence intensity because the fluorescein 
is no longer quenched. The increase in 
fluorescein fluorescence Intensity Indi* 
tales that the probc-spcclflc I'CR product 
has Inter i generated. Thus, FET between a 
lefniftei dye and a quencher dye Is criti- 
cal to the performance of Ihr. piube lu 
the S' uuLltrdic PCU a,v»*y. 

Quenching is completely dependent 
on the physical proximity of the two 
dycs. w Because of this, it lias been as- 
sumed that the quencher dye must be 
attached neai the 5' end. Surprisingly, 
we have found that attaching a rho- 
dattiiuc dye at the 3' end of a piol/e 



PCR assay, tarthcrmore, cleavage of this 
lype of probe us not required to achieve 
some reduction In quenching., Oligonu- 
cleotides with a reporter dye on the V 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when dou Die-stranded as com- 
pared with single-stranded. This should 
make it possible to use this type of dou- 
ble* labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 

Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used In this 
study. Linker arm nucleotide (LAN) 
phosphoramidhc was obtained from 
CiJcn Research. The standard DNA plios- 
phoramiditcs, 6-carboxy fluorescein (6- 
FAM) phosphoramidite, tvearboxytet* 
ramethylrhodamlnc sucrinlmtdy) ester 
(TAMRA NHS ester), and Phosphalink 
for attaching a H'-blocklng phosphate, 
were obtained from Per kin-Elmer, Ap- 
plied Biosystems Division. Oligonucle- 
otide synthesis was performed using an 
AB1 model 394 tjna synthesiser tApphed 
Biosystems). Vnmcr and complement 
ollgonucleondes were purlfica using 
OUgu Purification Cartridges (Applied 
Biosystems). Uwublc-lulKtltu! probes were 
»yfi|hvslr.e\l with labeled phos- 

phuidicif JiLe al ihi* 5' und, JAN replacing 
one of tbcVs In the sequence, and Phos- 
phalink at the 3' end* Following de- 
piotrctton and cuhauol precipitation, 
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FlCURt 1 Diagram of 5' nuclease assay. Stepwise representation of ine 5' 3' nucleorytic ac- 
tivity of Taq DNA polymerase acting on a fiuorof;cnic probe UurJiiK one extension phase of l't:K. 



niM Na-blcarbonaic buffer (pH 9.0) at 
room temperature, Un reacted dye was 
icinuvcO by pcu>a£C ovei « TD-10 Scphtt- 
dcx column. Finally, the double-labeled 
probe wa» purified by preparative. H$Rh- 
performance liquid chromatography 
[\mX\) ujiimj an Aquaporc C K 22J)x4.6- 
mm column with 7-p.m particle size. The 
column wa* developed with a 24»mhi 
linear gradient of 0-20% ucctooHrUe in 
0,) m TEAA (triethylomine acetate). 
1'robes are named try designating the se- 
quence from Tabic 1 and the position of 
the IAN-TAMRA moiety. Vor example. 

probe Al-7 has sequence At with fAN- 
TAMI\A at nucleotide position 7 from the 
.S' end. 



PCR Syucim 

All PCR amplifications were performed 
in the Pcrkin-Elmcr CcneAmp PCR Sys- 
tern 9600 using MJ-uJ reactions thai con- 
tained 10 ihm Tris-HCl (pH a.3), 50 HiM 
KU, 200 u.m dA'lT, 200 \lm dLTft 200 \xm 
dCStV, 400 u.m dUTP, 0.5 unit of Aniplir- 
ase uracil N-glycosylase (Perkin*Elmer), 



gene (nucleotides 2141-2435 in die »e» 
quence of Nakallma-Il|ima ct al.) l7J was 
amplified using punier* AVI* and All? 
(Tabic 1), which are modified slightly 
from those of du Drcuil ct Actln am- 
pliflcotfon reactions contained 4 mw 
20 ng of human genomic J>NA, 
50 nM Al or A3 probe, and 300 nM each 



TABLE 1 Sequence* of Oligonucleotides 



primer. The thermal regimen was S0V. 
<2 min), 95°C (10 min), 40 cyclcA of 95V. 
(20 sec), 60*C (1 mln), and hold at 72*C. 
A 515-bp segment was amplified from a 
pJasmid that consists oi a segment ol X 
DNA (nucleotide* 32,230-3?, 74?) in- 
serted in the £mal situ of vector pUCl 10. 
These reavtiuijs contain ltd 3.5 ium 
M K c: l* 1 n 8 "f plus mid DNA, 50 riM P2 or 
I>5 probe, 200 nw primer F110, and 200 
uh pibiiei R119. The thermal regimen 
YW SOX (2 min), «5X (10 mln), 2$ cy- 
cles of P5*C (20 sec), (1 mln), and 
hold at 72>C 



flunrpKencr. Detection 

For each amplification reaction, a 40-uJ 
aliquot oi a sample was transferred to an 
individual well of a white, 96- wall micro* 
titer plate (Peikin-Ulmer). Fluorescence 
waa measured on the i'crkln-Klmer Taq- 
Man LS-SOU System, which consists of a 
luminescence spectrometer with plate 
reader assembly, a 4B5*nm excitation ill* . 
ter, and a M£*nm emission filler. Fxeita. 
tion was at 4&8 mu uslnjj a 5*nm slit 
width. Emission was measured at S18 

nm for 6-lvAM (the. reporter or H value) 
and Sft2 nm for TAW HA (the quencher <»r 
Q value) using a 10-nm sltt width. TO 
determine the Incn-asc in iepmUi emis- 
sion that Is caused by cleavage of the 
probe during 1*CR, three normahrjxtlons 
aze applied to the raw emission data. 
First, emission Intensity of a buffet blank 
is subtracted for each wavelength. Sec- 
ond, emission intensity of the reporter is 



Name 


'iype 


.Sequcuu*. 


FU9 


priraer 


ACCXACAGGAACrrCAl CACCACTC 


KH9 


prlxnvT 


AixrrcucxrrrccGCCir.A<:crnmc,*c 


P3 


probe 


lOGCATJy\CI OA'l'CCllXJCCAACCACTp 


1»2C 


complement 


C*l ACrC CTTCJ UCAACX J ATGA<lTAATO COA'I'C 


PS 


probe 


CCiOAlTl GCrGC7IATCrATCACAACCATp 


T5C 


complement 


TlTATCCTTc5TCATAGA1A<^A0CAAA'rCX:C 


AW 


primer 


TCACCCACACTGTGCCCATCTACOA 


ARr 


primer 


CACiCXiUAAt :t:C5CI CArRJa'AATOCi 


Al 


probe 


ATOCCCiC<XXX^K;CCAlCClXX:0Tp 


Air. 


complement 


Ari\<x:t^(u;A'it:(:tJVTt;tx:t:t;At;t;(j<^'iAC 


A3 


plOl>C 


CGCCCTOGAClTCCAOCAACAOAli. 


A3^ 


Cunipleiueut 


C^TCTCTTOCTCGAAGTCCAGCIfiCRAC 



Vol each ollKonucleutiilc used In tills study, tiie nucleic add sequence Is given, written in trie 
a' > 3' direction. Tl^tie are t)>ree types of ulieunudcotides; PCR primer, fluorogenJc probe used 
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A1 -2 RAQOOC'CrJ •C.TfX.'CA.TO-r A7CCTCCGTp 

A 1 -26 Jbva CCCCn<^^M<jc^;Vj<^^r6d-cQj> 



Prohf» 


618 nm 


682 nm 


no* 


RQ* 


AftO 




OA tAMp. 




no Umfx 


« t^mp. 








A1-2 


26.6 4 2.1 


32.7 i 1.0 


30^2 it a.o 


38-2* 2.0 


0X7 * 0.01 


0.60 J 0.06 


O.tQd CQC- 




03.0 ± 4.3 


308.1*21.4 




110.3 J-S-Ji 


040*0.0* 


3.56*0.17 


ajOO^CUft 


ALU 


127.0*4.0 


403,3*10.1 


too,7±s.a 


03.1 i(j 


1.1610.02 


444i0.16 


3. 18*0. IS 






iz&.rj 7.7 


70,3 4 7.4 


79.0 * 9.0 


3.57 J 0.06 


S.BOiO.IG 


9,13 d 0.16 


A1-22 


224. C i 0.4 


4SC«e±43.6 


100.0 ±4.0 


o«iio.e 


C.2G a 0.03 


5.02 ± 0.1 1 


£,77 10.12 


A1-26 


0.9 


464.1 1 \VA 






l./*4±U.Ui£ 


b.tft±0.0tt 





HCURt 2 Rrsulls t»t 5' nucleate nwr »»mpariiig p-wdn probe* with TAMRA at different nuele 
otlde position*. As described in Material and Methods, vt'M amplification* containing the in- 
dicated probes Were performed, and thg fimiresvcnce emission was measured at 518 and 582 nm. 
Reported value* arc the averaged 1 s.o. for six reactions nm without added template (no temp.) 
ami six reactions run with template ( i tcnip,). The RQ ratio was calculated for each individual 
reaction and averaged to give the icportecTRQ" and HQ 1 values. 



divided by the emission intensity of the 
quencher to give an RQ ratio for cadi 
reaction tube. Tills normalizes for well- 
w-well variations in probe concentra- 
tion and fluorescence measurement. Vu 
1 nally, ARQ Is calculated by subtracting 
the KQ value oi the no- template control 
(RQ**) from the HQ value (or the euin- 
pietc reaction including template 
(RQ'), 

RESULTS 

A senes of probes with increasing dis- 
tances Decwecn the fluorescein rcportci 
and rhodamlnc quencher were reared to 
investigate the minimum anct maximum 
spacing that would give an ctcceprable 
performance in the 5' nuclease rCK as- 
$ay, Tnese probes hybridize to a target 



.sequence in the human p-actin gene.. 
MguiC 2 shows the results of an experi- 
ment in which these probes were In- 
cluded in PCR thai amplified a segment 
of the p-iivtiu gene, containing the uugct 
sequence- Peifouiiauce in the S' nu- 
clease PCR assay is monitored by the 
magnitude of AKQ, which h o measure 
of the Increase In reporter fluorcsce-nce 
caused by PCR amplification of the 
probe target. Probe ATI -2 haa a ARQ value 
that is close to *ero. Indicating that the 
probe was not cleaved appreciably tfur* 
log the amplification reaction. This sug- 
gest* that with lbc quencher dye on the 
vrvuud nucleotide from the & end, there 
Is insufficient loom foi Tuij polymerase 
to deave efficiently between the reporter 
and qucndiei. The other five probes ex- 
hibited comparable AKQ values thai arc 



clearly different from zero- Thus, all five 
probes arr hefng cleaved during 1*CK am- 
plJflcatloii lesultiiig i" a similar Increase 
III 'cportci' fluorescence. H should be 

noted that complete digestion of a prone 
produces a much larger increase in re- 
porter fluorescence Uian that observed 
in Figure 2 (data not shown). Tints, even 
In reactions where amplification occurs, 
the. majority of probe molecules remain 
undcaved. It is mainly Tor this reason 
that the fluorescence Intensity. of the 
quencher dye TAMttA changes Hitlo with 
amplification of the targfj. This Is what 
allows us to use the 5ti2-nm fluorescence, 
reading as a norm ill station factor. 

The magnitude of RQ" depends 
mainly on the quenching efficiency in- 
herent in the. specific structure ol the 
probe and the purity of die oligonucle- 
otide. Thus, the larger HQ" values indi- 
cate that proDes AM4, AM 9, Ai-22, and 
Al-26 probably have reduced quenching 
as compared with Al-7, Still, the degree 
of quenching is sufficient to detect a 
htghly significant Increase In reporter 
fluorescence when each of these probes 
ia cleaved during PCR. 

To further investigate the ability of 
TAMRA on the 3' end to quench G-PAM 
on the 5' end, three additional pain of 
probes were tested in the 5' nuclease 
PCR assay. Fot each pair, one probe hai 
TAMRA attached to on internal nucle- 
otide and die othei has TAMRA attached 
to the V end nucleotide. The results arc 
shown in Tabic For all three sets, the 
probe with the 3' quencher exhibits a 
&RQ value that is considerably bi^iei 
Oiaii for Uic probe with the internal 
quencher. The RQ" values suggest Irinl 
differences In quenching arc not hs £rr:ur 
as those observed with some of the A3 
pTobcs. These results demonstrate that 0 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



.TO 



TABLE 2 Results of S' Nuclease Assay Compartog VnUm with TA MRA Attached to an Internal or 3' -terminal Nucleotide 
M8 run S82 nm 

Probe. 



rTOlg) 



no temp. 



+ temp. 



AC 


A3-6 


54.6 i 3.Z 


84,8 2 M 




A3-24 


72.1 ± 2.9 


236.5 a. 11.1 




17-7 


82.8 2- 4.4 


384.0± 34.1 


me 


1*2-27 


113.4 s 6.6 


555.4 ± 14-1 




I'S-IO 


77*5 ± 6-5 


244.4 X 15.9 


the 
fill. 




64.0 i S.2 


333.6 ± 12.1 



I Mi LL'UlU. 

U6.2a. 6,4 
4.0 

10S.J X 6.4 
140.7 t 8.3 

86.7 a 4.3 
100.6 * 6.1 



4 temp. 



HQ 



R Q 4 



m.6 j. 2.5 

90.2 ± 3.8 

120.4 * io.Z 
118,7^4.8 

9S.8 » 6.7 
947 2 6.3 



0,47 u. 0.02 
0.86 a 0.02 

0.79 i 0.02 
a81 ± 0.01 

0.89 « 0.05 
0.63 ± 0,02 



0.73 i 0.03 
2.62 i 0.05 

3.10 * ai6 

4.68 ±0.10 

2^5 ?, 0.06 
3.53 * 0.12 



AKQ 



U.20 ± 0,04 
1.76^0.05 

2.40:' 0.16 
3.e8 T 0.10 

1.66 ± 0.08 
289 i 0.13 
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fluorescence of a reporter dye on the S 1 
cud. Tin? degree of quenching Is suffi* 
cieal fur Otis type of oligonucleotide to 
he used as a probe in the .V nuclease PGR 
assay. 

To test the hypothesis thai quenching 
by a .V TAMRA depends on the flexibility 
of the oligonucleotide, fluorescence was 
mcaiuiad fur probes in the Single- 
stranded and double stranded state*. To- 
blf 3 reports Un< fluorescence observed 
at S18 and 582' hm. The relative degree 
of quenching Is assessed by calculating 
the KQ ratio. Vor probes with TAMRA 
tf-10 nucleotides from the S' end, there 
is little difference in the RQ values when 
comparing single-stranded with double- 
strauded oligonucleotides, The results 
for probes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic increase in HQ. We 
propose that this loss of quenching is 
caused by the rigid Structure of double* 
stranded DNA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there is a marked Mg 2 ' effect on 
quenching Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a function of Mg 2 * concentra- 
tion. With TAMRA attached near the 5' 
end (prohe A 1-2 or Al-7), the RQ value at 
0 niM Mg 2 " is only Slightly higheT than 
RQ at 10 mM Mfr 1 - l J or probes Al-19, 
Al-22, and Ah26, the RQ values at 0 nuu 
Mg* 4 are very hi^h, Indicating a much 



reduced quenching efficiency. For each 
of these probes, thei« Is 8 marked de- 
crease in HQ at 1 niM Mg* * followed by 
u gradual decline as the Mg* 1 euuecu- 
truiion increases to 10 mM, Piuue A1-14 
shows an intermediate RQ value at O mM 
M$ 74 wall a gradual dedtne at hlgncr 

Mr 7 ** coiKcniiatluiis. In a low-salt en- 
vironment with no Mg a ** present, a sln- 
gle-s tram led oligonucleotide would he 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg a * ions acts lo 
shield the negative charge of the phos- 
phate, backbone so that the OUgonucJe- 
otlde can adopt conformations where 
the 3' end is close to the 5' end. There- 
fore, the observed Mg 2 * effects support 
the notion that quenching ol a 5' re* 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

0ISCUSSION 

The striking finding of this study is that 
it seems the riiodamine dye TAMKA, 
placed at any position in an oligonucle- 
otide, can quench the. fluorescent emis- 
sion of a fluorescein (6-l : AM) plated at 
the S' end. This Implies that a siiigh" 
stranded, double-labeled oligonucle- 
otide must he able to adopt conforma- 
tions Where the TAMRA is dose to t he 5' 
end. H should lie noted that the decay of 
6-PAM in the excited state requires a cer- 
tain amount of time. Therefore, what 



TABIC 3 Comparison of PluorcAceiKc F,mi»**oos of siii^lc-strandcd and 
Double-** r*ndcd Fluorogenlc Piobo 



518 nm 



50?. nm 



RQ 



Pml>«- 


if 


d& 


99 


Us 


S3 


as 


AI-7 


27.75 


6A.43 


61. OS 


mi* 


OAS 


11.50 


Ab26 


43.31 


509.38 


53.50 


93.86 


0.81 


5.43 


A3-6 


16.7S 


62,88 


39.33 


165.57 


0.43 


0.38 


A.V24 


30.05 


578,64 


67.77. 


140.25 


0.45 


3.21 


n-i 


35.02 


70.1.1 




121.09 


0,64 


0.58 


1*2-27 


30.89 


320.47 


65, iu 


61.13 


0»61 


SJ25 


t'S-10 


27.34 


144.65 




165.54 


0.1 * 


U87 


pf,-2n 


33.65 


462.29 


72.&0 


10*.$] 


0.46 


4.43 



(ss) single-stranded. The fluorescence emissions at 518 or 582 run for solutions containing a final 
concentration of 50 nM indicated probe, 10 inM Tris-i tci (pH 8»3), 50 dim KC1. and 10 mM MgCI^ 
(ds) Double-strandpd. Th« solutions contained. In addition, 100 km AlC foT probes Ab7 and 
A)*26, 100 n>t A3C for probes A3-6 and A3-24. 100 om l*2C for prolws 1*2-7 and 1*2.7.7, or 100 nM 
P5C for probe* PS-io and ncforc me addnion of MxCl?, J 20 id or each sample was heated 



matter* for quenching is not the average 
distance between 6'1 : AM and TAMRA 
but, rather, how close TAMKA can get lo 
6*HAM during die lifenme Of Uic 6.FAM 
excited state. As long as the decay time of 
the excited state is relatively long com- 
pareo Willi the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
6-FAM at the y end because TAMRA is in 
proximity to fi-KAM often enough to be 
able to accept energy transfer from an 
excited 6'FAM. 

Details of the fluorescence measure- 
ments remain puzzling. For example. Ta- 
bic 3 shows that hybridization of probes 
Al-26, A3-24, and PS-28 to their comple- 
mentary strands not only causes a large 
increase in 6-FAM fluorescence at 51ft 
nm but also causes a modest increase in 
TAMRA fluorescence at 582 nm. M 
TAMRA is being excited by energy trans< 
fer from quenched 6-rVVM, then loss of 
quenching attributable to hybridization 
should cause, a decrease in the fluores- 
cence emission of TAMRA, the fact that 
the fluorescence emission of TAMRA in- 
creases Indicates that the situation Is 
more complex. For example, we have an« 
ecdoiai evidence thar the bases of me 
Oligonucleotide, especially Ci, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double' 
stranded, basc-palrlng may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6->AM in an intact probe is the TAMRA 
dye. Kvldcncc for Uie Importance of 
TAMRA is that 6 KAM flouu^cence 
remains relatively unchanged when 
probes labeled only with 6-l ; AM are used 
in Uic $' nuclease 1*CR assay (data not 
shown). Secondary effectors of fluores* 
cence, both before and afiei cleavage of 
the probe, need to be. explored further. 

Kegardlcss of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplliics 
the design of probes for the S' nuclease 
PGR assay. There are three main factors 
that determine the performance of a 
double- labeled fluorescent probe in die 
6' nuclease 1*011 assay. The first factor Is 

the degree of quenching oliserved In the 
intact probe. Tills Is characterized by the 
value of RQ* , which is the ratio of re- 
porter to quencher fluorescent cmis 
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FIGURE 3 Kftet of Mg 1 " 1 eonoantration on RQ ratio for the A) aerie* of probes. The fluorescence 
emission Intensity at 518 and 582 nm was measured for solution* containing 50 nM probe, 10 mM 
Trls-HCl (pH <U), 50 mM KCJ. and varying amount* (0-10 dim) of MgOa- The calculated RQ 
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dyes used, spacing he.twe.en reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
olhei faClviS that reduce flexibility uf 
the oligonucleotide, and pudty of the 
probe. The second factor i* the efficiency 
iiyhiidi£4uun# which depends on 
probe T mt presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor Is the efficiency at 
which Taq DNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. Tills cleavage Is depen- 
dent oi 4 sequence complementarity be- 
tween probe and template as shown by 
Uie observation that mismatches in Ihe 
segment between reporter and quencher 
dyes drastically reduce the cleava^v uf 
probe. (l) 

The rise in RQ' values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end Ihe lowest apparent quench' 
ing Is observed for probe Al-19 (see. Fig. 
3) rather than for the probe where the. 
TAMRA Is at the 3* end (A1-Z5). This ik 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position, hi effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5>' reporter 
dye than is an internally placed 



probes, the interpretation of RQ values 
is less clear-cut. The A3 probes show the 
some trend as Al, with the 3' TAMRA 
piobc having a larger RQ" than the in- 
ternal TAMRA probe. Tor the V2 pah, 
both probes have about the same RQ" 
value. For the PS probes, the RQ for the 
V probe, is less than for the intern ally 
labeled probe. Another factor that may 

explain some of the observed variation is 
that purity affect) the RQ" value, Al- 
(hough all probes are HPLC pucified, a 
small omount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be d modes I ef- 
fect on decree of quenching, the posi- 
tion of the quencher apparently can 
have a large effeel on (he efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place- 
ment of the TAMRA on the second nu- 
cleotide tedui.es the efficiency of cleav- 
age to almost zero. For the A3, I»2, and PS 
probes, ARQ Is much greater for (he 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This is explained 
most easily hy assuming that piobes 
with TAMRA at the 3' end are more likely 
to be cleaved Iwtwecn icpoilei and 
quencher than are probes with TAMRA 
attached internally. I ; or the A1 probes, 
the cleavage efficiency of probe Al-7 
must already he quite high, as ARQ docs 
not increase when the quencner is 
nUrwi nn«»T to th* .V end. This illus- 



trates the importance nf being, »hlr to 
use probes with a qutnehor on tho V 
end in the S' nuclease PCR atisay. In this 
ossay, an increase Jn the intensity of re- 
porter lluoresccncc is observed only 
when the probe is cleaved between I lie 
reporter and quencher dyes. By placing 
the lupurtur and quunchui dyes oil the 
opposite ends of an oligonucleotide 
probe, any cloavage that occurs will be 
detected. When the quencher is uttuelied 
to uil Internal nucleotide, sometimes the 
probe work* well (Al-7) and other Umea 

not so wall (A3-6). The relatively poor 
performance of probe A3 -6 presumably 
means the probe is being cleaved 3' to 
tho quencher rothor than between the 
«»pnrtpr and quencher. Therefore, the 
best chance of having a probe that rcli- 
ubly detects accumulation of PCR prod- 
uct in the V nuclease PCR assay is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3* 
end may also provide a slight benefit in 
terms of Hybridisation efficiency. Ihe 
presence of a quencher attached to an 
Internal nucleotide might he expected to 
disrupt base-pairing and reduce the T m 
of a probe, in fact, a 2V<-.H°C reduction 
In T m has been ob served for two probes 
Willi internally aLUehed TAMRA :J g> This 
disruptive effect would be minimised by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridisation efficiencies 
than piobes with internal queiicliei*. 

The combination of increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be mote tolerant of mismatches be- 
tween probe and target as compared 
wtlli internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use o single 

probe to detect PCH-amplificd products 
front *aui|ileN uf diffcienl species. Also, 11 
means that cleavage of probe during PGR 
Is less sensitive l« alteration* in AO* 
ncaling temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. i,cc 
ct al. 0 ' demonstrated that aliele-spedflc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from The 
AFSQ8 mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
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figure 3 Kffcet of Mg a 1 coneemratiun on RQ ratio for the A3 jeriee of probes. The fluurescwioi 
emisslun intensity al 51 ft and 582 nm was measured for solutions containing SO iim probe. 10 mM 
Tri*-]ia (pH 8.3), 50 him KO, and varying amounts (0 10 mM) of M«CU- The calculated RQ 
ratios (51 H nni intensity divided by 5«z nm intensity) arc plotted vs. MkC1 2 conccnrratiuii (inm 
big). The key (upper ri$ht) &how$ the ptobes examined. 



dyes used, spacing between reporter and 
quenchd dyes, nudeoUdc sequence 
context effects, presence oi structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second ractor is trie efficiency 
of hybridization, which depends on 
probe 7' m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor Is the efficiency at 
which Jaq UNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dye* drastically reduce the cleavage of 
prohe. <l) 

The rise in RQ values for the Al se- 
ries of probes seems to Indicate that the 
degree of quenching Is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe A) -19 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
understandable, as the conformation of 
the S end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher ar the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, the interpretation of RQ' values 
is less clear-cut. The A3 probes show the 
same rrend as Al, with the 3' TAMRA 
probe having a larger RQ"' than Out in- 
ternal TAMRA probe. For Hie P2 pair, 
both piobes have about the same RQ 
value. Tor the PS probes, the RQ' for the 
3' probe is less than foi the intensity 
labeled probe, Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe A 1-2, where place- 
ment of (he TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero. Yor the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. For the Al prolxrs, 
the cleavage efficiency of probe Al-7 
must already he quite high, as ARQdocs 
not Increase when the quencher is 
placed closer to the 3' end. This Ulus- 
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tratQi the Importance of bejnfl able lo 
use probes with a quencher on the 3' 
end in the V nuclease i'CK assay, in (his 
assay, an increase in the intensity of 
porteT fluorescence Is observed only 
when the probe Is cleaved between the 
reporter and quencher dyes. Hy placing 
the reporter and quencher dye* on the 
opposite ends of an oligonucleotide 
probe, any cteauuge that occurs will be 
detected. When rhe quencher ix attached 
to Jn internal nucleotide, tvuicihiics the 
probe work* well and other times 

not *o well (A3*6>. The relatively poor 
performance of probe A3-6 presumably 
means the probe is being cUavc-d 3' to 
the. quencher rather than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR prod- 
uct In the 5' nuclease KIR assay is to use 
a probe with the reportei and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms of hybridization efficiency, 'the 
presence of a quencher attached to an 
internal nucleotide ml&hl be expected to 
disrupt base-pairing and reduce the T rt 
of a probe.. In fact a 2*C-3*C reduction 
in 7' ro has bccO Observed for two probes 
with internally attached TAMRAs, (9) This 
disruptive effect would be minimised by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of increased cJeav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and Target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta* 
gcous, as when trying to use a single 
probe to detect PCR-ampli hed products 
from samples of different species. Also, it 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage Is for allelic discrimination, l.ce 
et al/* 5 demonstrated that allclc-speclhc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This aU 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFSOS mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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the* V end and were designed so thai any 
mismatches were between the reporter 
and quencher, increasing the distance 
bttwaon reporter and quench ar would 

lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached to an internal 
nucleotide may still be ucoful for allelic 
discrimination. 

In this study lo&s of quenching upon 
hybridisation was used to show that 
quenching by a 3* TAMRA U dependent 
on the flexibility of a sinjzle.stranded oli- 
gonucleotide, The Increase in reporter 
fluorescence intensity, though, could 
also be used to determine whether hy. 
brldlzatlon has occurred or not. Thus, 
oligonucleotides With reporter and 
quencher dyes attached at opposite end* 
should also be useful as hybridization 
probes. The ability to delect hybridiza- 
tion In real time means that these probes 
could be used to measure hybridization 
Kinetics. Also, this type of probe could be 
used to develop homogeneous hyhricl- 
iwition assays for diagnostic* or other ap- 
plications, bagwcll Ct al, (,0) describe just 
this type of homogeneous assay where 
hybridization of a probe caustrs an In- 
crease in fluorescence cauacd by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both ends of the 
probe sequence to form two imperfect 
hairpins, itxa results presented here 
demonstrate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide and a quencher dye to the olhei 
end generates a fluorogonlc probe that 
can detect hybridization or PCK amplifi- 
cation. 
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We have developed a novel Teal time" quantitative PCR method. The method measure* HCR product 
" „2do^u% a duaMabded fh,orc*enlc probe <i.c, Taqfttan (Vote). This method provides ^v.ry 
accurate and reproducible quantitation of gene copies. Unlike other quantitative PCR methods, real-time PCR 
does nor require poa-PCR sample handling, preventing potential PCR product carry-over contamination and 
resulting in much faster and higher throughput assays. The reaklro* PCR method has a very targe | dynamic 
ranee of starting target molecule determination (at kasi five orders of magnitude). Real-time Quantitative 
PCR is extremely accurate and less labor-intensive than current quantitative PCR methods. 



Quantitative nucleic acid sequence analysis nas 
had an important role in many fields of biologi- 
cal research. .Measurement of gene, expression 
(RNA) has hewn used extensively in monitoring 
biological responses lo various stimuli Clan et ai. 
1994; Huanft el al. 1995a,b; Prud'homme et al 
1995). Quantiiatlvo gene analysis (DNA) has 
Ih-cii used tu determine the genome quantity of a 
particular gene, as in the case of the human H1LR2 
gene, which is amplified in -30% of breast tu- 
mors (Stanton ct al. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
UIJV) buTdcn demonstrating changes in the lev- 
els of vlras throughout the different phases of the 
disease (Connor et al. 1993; Platak ct at. J With; 
Pintado et ai. 

Many methods have been described for the. 
quantitative analysis ot nucleic acid sequences 
(both for RNA and DNA; Southern 1 V/<>; Sharp et 
al. 1980; Thomas 1980). Recently, PCR has 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCJR and reverse transcrip- 
tase (K'0-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made ]x>s- 
sible many experiments that could not hove, been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 



that \\ be u:>eU properly for quantitation (U»«y- 
maekm 1995), Many early reports of quantita- 
tive PCR and RT-PCR described quantitation of 
the PCR product but did not measure: the initial 
target sequence quantity. It Is essentia) to design 
proper controls for the quantitation of the initial 
target sequences (Hcrrc 1992; Clementl ct al. 
100?.) 

Ke.N*f«rchcis nave developed several methods 
of quantitative PCR and RT-PCR. One approach 
measures PCR product quantity in the log phase 
of the reunion before the plateau (Kellogg et al. 
1990; Pang ct a). 1990). This method requires 
thai each sample has equal input amounts of 

• nucleic add and that each sample under analysis 
amplifies with identical efficiency up to the. point 
of quantitative analysis. A gene sequence (con- 
tained in nil samples at relatively constant quan- 
titi**, such as p-aclln) can be used for sample. 
utupliTication efficiency normalization. Using 
conventional methods of PCR detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is extremely laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for l>olh the target gene and the 
normalization gene). Anoiiier method, quantita- 
tive competitive (QC)-PCR, has l>cen developed 
and is used widely for PCR quantitation. QC-PCR 
relies on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Harak et al. 1993*,b). The efficiency of each re- 
action is normalized to the intcrnol competitor. 
a innwn amount of Internal competitor can be 

anmv rnc« no/ aha W4 rc:*t 7nn7/cn/7T 
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added to each sample. To obtain relative quant* 
tatlon, the unknown target PGR product is com- 
pared witia the known competitor \K' m M product. 
Success of a quantllalivc competitive I'CU assay 
relies on developing an Internal control thai am- 
plifira with the same efficiency as the tutget mol- 
ecule. The design of the coiupctlivi and the vali- 
dation of amplification efficiencies, icqulrc a 
dedicated effort. However because QC l~\K'M does 
not require that PCM puRlucts be analyzed during 
the log phase of the amplification, it is the easier 
vf the two methods to use. 

Several detection system* uic used for quan 
tltative 1*CK and RT-l»C:tt analysis; (1) agarose 
gels, (2) fluorescent labeling of PCR products and 
detection with laaitr-iiulucecl fluorescence using 
capillary electrophoresis (Fusco et al. 1995} Wil- 
liams ct al. 1 996) or acrylaiuldc gels, and (3) plate 
capture and sandwich probe liybrlUlxalUiti (Mul- 
der e.i al. 1994). Although these methods jmivrU 
successful, each method requires posl-PCR ma- 
nlpularlons that add time to the analysis and 
(nay lead to htboratuty i oiihtu'iination. The 
sample throughput of these lurthoUs L> ihnltcd 
(wH)i I he i-xccpllon of the plate capture ap- 
proach), and, therefore, these methods, are not 
well suited ft jj u>c> demanding high sample 
throughput (I.e., screening of large numbers of 
hlocut»l«a.ultr* oi analysing; Sampled fwx diagnos- 
tics wr clinical trials), 

1 1 ere we report the development of a novel 
it&say for quantitative DNA analysis. The assay is 
based on Ihe use of the 5' nuclease assay first 
described by Holland et al. (1993), The method 
uses the 5' nuclease, activity of Ttuf polymerase i<i 
cleave a n on extendible hybridization prol>c dur- 
ing the extension phase of I'CU. The. approach 
uses dual-labeled fluorogenic hybridisation 
probes (Lcc ct a). 1993; dossier ct a). 1993; UvoN 
ct al, 1996a,b). One fluorescent dye avrvea as a 
reporter JFAM (i.e., 6-carboxyfluoresvcin)| and its 
emission spectra is quenched by the second fluo- 
rescein dye., TAMRA (i.e., o-carboxy-ietramethyl- 
rhodaminc). The nuclease degradation of the hy- 
hrldi/arton probe releases the quenching of I he 
I'AM fluorescent emission, resulting in an In- 
crease hi peak fluorescent emission at 53 B nm. 
The use Of a sequence detector (AIM Prism) allows 
measurement of fluorescent spectra of all 96 wells 
of the thermal cycler continuously during the 
i*CK amplification. Therefore, the reactions aie 
monitored in real lime. The output data is de- 
scribed and quantitative analysis of input target 
l)NA sequences L5 discussed below. 



RESULTS 



PCR Product Defection in R«al Time 

The goal wax in develop a high-throughput, sen- 
sitive, and accurate gene quant hat Inn assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plasm id encoding human factor 
VIII gene sequence, pI<8TM (sec Methods), was 
used ns a model therapeutic ft«n«. The asstiy use* 
fluorescent Taqman methodology and an instru- 
ment capable of measuring fluorescence in real 
time (Abl Prism 7700 Sequence Detector). Ihc 
Taqman reaction requires n hybridization probe 
lal>cled with two different fluorescent dyes. One 
dye Is a reporter dy« (I'AM), the other i* X quench- 
ing dye (TAMRA). When the proU: is inlact, fluo- 
icsccnl energy transfer occurs and the reporter 
dye fluorescent emission is absorbed by the 
quenching dye (TAMRA). During Die extension 
phase of the PCK cycle, the fluorescent hybrid- 
txAlinti probe is cleaved by the S'-.V nuclcolytic 
activity of the DNA polymerase. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye, re 
suiting In on increase of the reporter dyu fluorOfc- 
cent ciiiuulou *p*ctro. VCH primers txwd pruburt 
were desigmnl foi the human factor Vill se- 
quence and human p-actin gene (as described in 
Methods). Optimization reactions wqr C per- 
formed to choose the appropriate probe uiul 
magnesium concenua lions yielding ihc highest 
Intensity of reporter fluorescent signal without 
sacrificing specificity. The Ifiatrumenl uses a 
charge-coupled device (i.e., CCD camera) for 
measuring the fluorescent emission spectra from 
500 tfi G$0 nm. Kach PCU tube was monitored 
sequentially for 25 msec with continuous moni- 
toring throughout tin: amplification. Uach tube 
wo« rc-exaa lined every 8*5 see. Computer soft- 
ware, was de-signed to examine the fluorescent In- 
tensity of both the reporter dye (1* AM). and 
the quenching dye (TAMilA). The lluoresccAt 
Intensity of the quenching dye, TAMilA, changes 
very little over the course of the PCR amplifi- 
cation (data not shown). Therefore, the Intensity 
of TAM11A dye emission serves as an internal 
.ntandurd with which to uortitnllxu the reporter 
dyu (HAM) emission variations. The software cal- 
culates a value termed AUn (or AftQ) using the 
following equation: ARn - (lln J ) (Hn'), wljcre 
Kn 4 - emission iulejisity \>t reporter/emission in- 
tensity of quencher al any given time In o-rcctc 
tlon tube, and Ru ?■ emission in ten si lily of Te- 



r» ■? /> F3> 



From : BML PHONE No. : 310 472 0905 Dec. 05 2002 12:220M P13 



HUD HAL 

poncr/emliwton Imexisily uf qucntthcr measured 
prior 10 PCK ii>«pI>licaUoii in that same ruction 
tube. For the purpose of quantitation, the 1*m 
three data points (ARns) collected during trie, w 
tension step for each 1'CK cycle were analyzed. 
The ouclcfolylic degradation of the. hyomb/aiion. 
probe occurs during the extension phase or I'lJi, 
and, therefore, reporter fluorescent enmajuii in- 
creases during this Unic. nut tluw data points 
were averaged for each KJK cycle and the mean 
value for each was plotted in an "aiuplMlcation 
plot" shown In J'ltfurc 1 A. The AKn mean value is 
plotted on the j*axls, and Time, represented by 
cycle number, is plotted on t!iv *-oxis. During the 
early cycles of the VCAl amplification, tbv ARn 



value remains at base line When sufficient' hy- 
bridisation probe has hcen cleaved by the Tan 
jxilymcrase nu<M6AfiO activity, the intensity of re- 
porter fluorescent emission increase*. Mart IK.'K 
amplifk-Mians rend) a plateau phane of reporter 
fluorescein emission U the reaction Is carried mil 
to high cycle iiuiiiWin- The amplification plot Vj 
examined luily in th« reaction, at a point thai 
lejjicsents ilic log phase of product arnnnula* 
tion. This Is done by assigning an arbiUary 
threshold thai is based on the variability of the 
base-line dmu. fn Mtfius 1 A, the threshold was set 
jii 10 standard deviation* above the mean of 
base line emiamon calculated from tydua 1 lo 1 S. 
Once the threshold is chosen, the point at which 
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Figure 1 PCR product detection in real time. (A) The Model 7700 .oflware will consiruct amplification plots 
from the extension phase fluorescent emission data collected during the PCR amp iflcalion. The £ 
viation is determined from the data points collected from the base line of the ampli tauon plot. C, .values are 
calculated by determining the poim ai which the fluorescence exceeds a threshold limit \ u *uajiy iu 
Standard devialion of the base line). (8) Overlay ot ampllflca.ion plols of serial ly (1 :2) dll ut^twnm pnopc 
DMA samples amplified with p-actin primers. (Q Input DNA concentration of "^ samples P^^^J^^ 
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the amplification plot crossed the threshold' ivtte 
fined as C P C r is reported as the cycle number ;n 
this point. Ar will be demons! rut ih J, th« CI, value 
b pi edict! ve of the quantity of input target. 

Cx Values Provide a Quantitative Measurement o>' 
Input Targer Sequences 

Figure IB shows amplification plots of 2&<<li1ffev- 
en< PGR amplifications overlaid. 'i*hc Amplify 
Hons were performed on a 1 :2 serial dilution >ufi 
human genomic PNA. Ilic amplified tarjjci wa* 
human p aetln. The. amplification plott xhifl to 
the right (to higher threshold cycles) n* the input 
target quantity h Ttx^ucod. *JT>ic is expected ho- 
rcuuu* reactions with fewer starting eopins of the 
target molecule require greater amplification to 
degrade enough probe to attain the Threshold 
fluorescence* An arbitrary threshold of JO stan- 
dard deviation* above the base line was used to 
determine the O r values. Figure 1C represents the 
C r values plotted versus ihe sample dilution 
value, Each dilution was amplified in triplicate 
V(*M amplifications and plotted as mean values 
with error bars representing one standard devia- 
tion. The C T values decrease linearly wjih increas- 
ing target quantity, Thus, c r values can be used 
as a quantitative measurement of the Input target 
number. It should be noted that the amplifica- 
tion plol for the 15.6-nft sample shown In Figure 
1H does not reflect the same fluorescent rake of 
Increase exhibited by most of the other samples. 
The 15.6-ng sample also achieves e.ndpoint pla- 
teau at a lower fluorescent value than would he 
expected based on the Input PNA. This pbunorrv 
cnon has been observed, occasionally with other 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated O, value as 
demonstrated by the fh on the line shown in 
Flame. 1 c. All triplicate amplifications resulted in 
very similar Cr values— the standard deviation 
did not exceed 0,6 for any dilution, tills experi- 
ment contains a > 100,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using iota] fluorescent emission intensity for 
quantitation. The linear range. ot fluorescent In- 
tensity measurement of the AIM Prism 7700 Sc- 



Kl At ItMJ 0UAN1IU11VI PGR 

ttkmVts over a very large r*«8«' of relative starting 
target quantities. 

Sample Preparation Validation 

Several parameters Influence the cfUclenry nf 
PCM umplification; magnesium and salt concciv 
nations, reaction conditions (i.e., time and tem- 
perature), PCM target size and composition, 
primer sequences, and sample purity. All of The 
above factors are common to a single TCK assay, 
except sample to sample purity. In an effort to 
validate the. method of sample preparation for 
the iactor Vlll assay, FCK amplification reproduc 
ihiiity and oiflcioncy oi )0 replicate sample 
preparations were, examined. After genomic DNA 
was prepared from ihe 10 replicate samples, the 
DNA was quamliatcd by ultraviolet spectroscopy. 
Amplifications were performed analyzing p-aciln 
Kcjh: content In 100 and 2$ ng of total genomic 
UNA. Each VCR amplification was performed in 
triplicate. Comparison of C r values for each trip, 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic 1). Therefore, each ol the triplicate PCK 
amplifications was highly reproducible, demon- 
strating that real time I'CK using this instrumen- 
tation introduces minimal variation Into the 
quantitative: J'CR analysis. Comparison of the 
mean C n values of the 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for f^-actin gene quantity. The highest C. T 
difference between any of the samples was 0.S5 
and 0.71 for the 300 and 25 ng samples, respec- 
tively. Additionally, the amplification of cadi 
sample exhibited an equivalent rate of fluores- 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from the sample dilutions (Fig. 2). 
Any sample containing an excess of a VCM inhibi- 
tor would exhibit a greater measured 3-actin O r 
value for a given quantity of DNA. In addition, 
the inhibitor would be diluted along with the 
sample in the dilution analysis 2), altering 
the expected C, value change. Each sample am- 
plification yielded a similar result in the analysis, 
demonstrating that this method of sample prepa- 
ration is highly reproducible. wl1h regard to 
sample purity. 

Quantitative Analysis of a Plasmid After 

7nc« no/ «*« wj «c:fcT ;nn7/cn/7T 
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Tablo 1 . Reproducibility of Sample Preparation Method 



Samplo 

no. 



2 
3 



8 
9 
10 

Mean 



100 ng 



standard 
m££>n deviation 



CV 



18.24 

18.23 

10,33 

18.33 

18.35 

18,44 

18.3 

18.3 

13.42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18,54 

18.67 

19 

18.2B 

18.36 

18.52 

18.45 

18.7 

18.73 

18.18 

18.34 

18.26 

18.42 

18.57 

18.66 

0 10) 



le.27 
18.34 



18.74 



18.55 
18.12 



0.06 



0.06 



0.07 



18.23 0.0S 



18.42 0.04 



0.24 



18.39 0.12 



18.63 0.16 



18.29 0.1 



0.12 
0.17 



0.32 

03? 

0.36 

0.46 

0.23 

1.26 

0.66 

0.83 

0,55 

0.6S 
0,90 



20.48 

20.55 

20,5 

20.61 

20.59 

70.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20,63 

21.09 

21.04 

21 .04 

20.67 

20,73 

20.65 

20.98 

20.84 

20.75 

20,46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



standard 
mean deviation CV 



20»51 0.03 0.1 7 

70.54 0.1 1 0.54 

20.54 0.06 0,28 

20.43 O.05 0.26 

20.73 0.13 0.61 

21.06 0.03 0.15 

20.68 0.04 0.2 

20.86 0.12 0.57 

20.51 0.07 0.32 

20.73 0,1 0.16 

20.66 0,19 0.94 



(or containing a partial cUNA for human factor 
vui, pi-'8TM. A scries of traosfections was act 
up using a decreasing amount of the plasmid s (40, 
4, 0.5, and 0.1 u-g). 1*wrmy-rotjr hours po.M- 
traiisfeetlon, total f5N?A was purified frcim each 
flask uf crib. p-Aclin £cuc quantity was chosen as 
a value for normalisation of genomic. ONA con- 
CenrraUon from each sample. In this experiment, 
p-actin fcenc content should remain constant 
relative to roral genomic DNA. Figure 3 shows Ihe 
result of the p-actln UNA measurement (100 iuj 
total DNA determined by ultraviolet spectros- 
copy) of each sample. Kach sample wa* analyzed 
in triplicate and the mean p-actin Cf values of 
the triplicates were plotted (error bars represent 
r+^Miiftfrf rwiji.oni 1 h#» htohpfir oifferrnrr 



betw<wn any iwo sample moan it was OMS C,- Ten 
nanograms of total UNA of each sample were also 
examined for tVactln. lite results «$uj» showed 
that very similar amounts of genomic 1>NA were 
present; the. maximum mean p actio <";, value 
difference wa.s 1.0. As I'igurc 3 shows, the rate of 
(i-aetln C,. cluing Ixrlwocn the 100 and 10-ng 
samples was simitar (slojx? values r»njj« bwrwoon 
3.56 <md -3.45), This verifies again ihni ihe 
method of sample prcparotlon yields sajnples of 
identical PCJR integrity fl.e-, no sample contained 
an excessive amount of a VCR Inhibitor), How- 
ever, these results Indicate that cncll sample con 
talncd slight diffciences in the actual amount of 
genomic 1>NA analysed. Determination of actual 
wiiiuuiic ONA concentration was aeeompllshed 
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Figure 2 Sample pr eparation pun'ly. 1 he replicate 
samples shown In Table 1 wore also amplified . In 
tripicate using 2S ng of each DNA sample. The fig* 
u»fc shows the input DNA concentration (100 and 
25 ncj) vs. C, In 1hj* lirjtirp. lh<* 100 and 75 ng 
points for each sample are connected by a line. 



by plot Ling the mean p-actin value obtained 
for each 100 I Ig sample wi a p-aclln standard 
uurve (shown In Mh- 40). «ol nal genomic 
DNA concent rati"" of each sirmpU:, tt, was ob 
Ulncd by extrapolation to the X<axi*. 

Figure 4 A shows the measured (I.e., iumI* 
normalised) quantities uf /actor VJIJ plasm id 
ONA (preTM) from each of the four transient cell 
inn infections. Each reaction contained )00 n£ of 
total sample UNA (as determined hy UV speeUo* 
copy}. Ivach sample was analyzed in triplicate 



o 
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pFgTM tmnsfacto d 

• •» - 4.0 fig 
— * • o J mo 

• a 0.1 fig 



U 14* 1-8 
log (ng Input ONA) 

Figure 3 Analysis of tianstectcd cell DNA quantity 
and purtty. I he DNA preparations- of the lour 293 
ceil transactions (40, 4, 0.5, and 0.1 u.g of pF8TM) 
were analysed for the 0-actln gent*. 100 and 10 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM that was transfected, the fi-aciln 
C T values are plotted versus the total Input DNA 



PC.f< amplification*. As shown, pl'BTM purified 
fioic Jhe 20;s cells decreases (mean C, values in- 
CTUu.se J with decreasing amounts of plasmid 
ilruitsii'UccL The mean C A values obtained for 
phWM inTigurc 4A were plotted on a standard 
curve comprised uf setlally diluted pF8TM, 
shown .in figure 4B. The quunllly uJ pl»KTM, b, 
found in each of the four ironfifectioiiR was de- 
termined by extrapolation to the x axJti of the 
standard curve in l'igurc 4K. These, uncorrected 
values, b, for pWTI'M were normally^! to deter- 
mine the actual amount of pl'817vi found per 100 
rm of genomic DNA by using the equation:. 

/> x 1Q O lift actual pTOTM tuples per 
~f~ T 100 ng of genomic UNA 

where a actual genomic DNA in u sample and 
b pl : B*l"M copies from the standard curve. 'D>e 
normalised quantity of plOTM per 100 ng of ge- 
nomic DNA for each of the four transections Is 
shown in Figure 4JJ. 'Hicsc roulh show mat the 
quantity of factor Vlll plasmid associated wiili 
tnc cells, 24 hr after trtu infection, di:t.u:.is<^t 
with decreasing pJ»>muJ i.uui.enLiatiou used hi 
the transjecsion. Tlic: quantity of pJ-'ttTM associ- 
ated witn 293 cells, after uamfcctlon with 40 ixg 
Of plasmid, was 35 pg p?r 100 ng genuinlc DNA. 
This results in -520 plasmid copies per cell. 



DISCUSSION 

We have described a new method for quantitnt- 
inft gene copy numbers using real-time analysis 
of PCK amplifications, ReaMlmc PCK is compat- 
ible with cither of the two PCK (KT-PCR) ap- 
proaches: (1) quantitative con ipet hive where an 
Internal compel! lor for each target sequence is 
used for normaJittiUon (data not shown) or (2) 
Quantitative comparative PCK using a ikmumUui- 
tton gene contained within the sample (i.e., (3-ac- 
tin) or a "housekeeping" gene for RT-PCK. h* 
equal amounts of nucleic acid arc analyzed for 
each sample and if the amplification efficiency 
before quantitative analysis o identical for each 
sample, the Internal con I ml (nuj-mali^itioii jjene 
or competitor) should give equal signals for alJ 
samples. 

The real-time PCU method offers seventl ad- 
vantages over the oihcr two methods currently 
employed (sec the Introduction), first, the real- 
time PCR method Is a performed in a dosed-tube 
system and requires no post-PCR manipulation 

7aoo r» r\ t o *• t) xrv.r r* o * o t taot / n r\ / tt 
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Figure A Quantitative Analytic of pFSTM in transfccted cells,. (,4) Amount of 
plasmid DNA used for the trunsfeciion pfottcd against the mean C, value deter- 
"ray? for P r **TM remaining nr alter tronsfection. (D,C) Standard curves of 
pf-RTM and f^acdn, respectively. pfSTM DNA (0) and genomic DNA (Q were 
diluted serially 1 :5 before amplification with the appropriate primers. The p-actin 
standard curve wav used to normalise the results of A to 1 00 no. of genomic DNA. 
(0) The amount of pf8TM present per 100 ng of genomic DNA, 



of sample Therefore, lh<« |w>tential for VCll con* 
lam i nation in the laboratory is reduced because 
amplified product* cam he analysed and disposed 
ol without opening the reaction tubes. Second, 
this method suppoit* the u*« of a i ion initiation 
gene (Lc., fl-actin) for quantitative PCR or house- 
keeping genes for quantitative RT-1'CK controls. 
Analysis Js performed m real time during the Jog 
phase of product accumulation. Analysis during 
kiK phase permits many different genes (over a 
wide input target range) to be analyzed simulta- 
neously, without concern of reaching reaction 
plateau at different cycle*. This will make liiuUI- 
gene analysis assays much casiei to develop, be- 
cause individual internet] eumpttlluis Will mil bc 
nveded for cfich gene under analysis. Third, 
aamplc throughput will iuciease dramatically 
with the new method because, there is no post- 
PCK processing time. Additionally, wo iking In a 
"6- well format fa highly compatible with auto- 
iiiation technology. 

The real-time PCR method is highly repro- 
ducible. Replicate amplifications can be analysed 



for c-acli sample minimising potential error. The. 
system allows for a very large assay dynamic 
ritnge (approaching 1,000,000 -fold starting tai- 
gel). Uaing u .standard curve for the. target oi in- 
terest, relative copy number values can be deter- 
mined for any unknown maniple, Fluorescent 
threshold values, C r> coiicJiiir. linearly with rela- 
tive DNA copy numbers. Keal time quantitative 
HT-rat methodology (Cilbson et ah, this tauift) 
has also been developed. Anally, real time quan- 
titative ?*CU methodology can be used to develop 
high-throughput screening assays for a variety of 
applications (quantitative gene c*j>iea&iuii (KT- 
rCH), Rene copy nanays <I1cr2, 111 V, etc.), ,gcnc> 
typing (knockout mouse analysis), and immuuo- 

penj. 

Real-time VCAl may al.to l>c jwformcd using 
intercalating dyes (Higuchi ct ul. such as 

eUvldium bromide. The fluorogenic probe 
method offers a mafor advantage over inter- 
calating dyes—greater specificity (i.e., primer 
dlmers and nonspecific PCR products art: not de.- 
t*vted). 
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METHODS 

Generation of d Plasmld Containing a Partial 
cDNA for Human Factor Ylll 

Total RNA w«> harvested (UNA*ol to from 'I <•! Test, Inc., 
rncndsveood, TX) from cvJIt. li*i«sf«cted with a factur VI 11 
expression vector. pClS2.tk-a$t* (Kaicm el id. WHO; Gor. 
ninn cl al. 1900). A factor VM1 i>arllal ellNA wpictice WtlS 
^totaled by irr K:U {clone Amp V'J. (Till KNA WUl Klt 
(pan N80K-UT/9, rEApphcd wosysicms, Hostei CUy, <.'J\)\ 

Uilnp the l'c:u prluiurs KHfor mid l-*Rrcv (juifiwf sequences 
are Shown below). Hu- amp] Icon was fcampiifird dSlnR 
modified I'ttfor and Wrcv primer J tippciulvd with HumM 
and Hwdlll reslrlrtlon she sequences »» *liv h* ei»l) and 
Cloned Into pfiKM- 32 (Promo^u CUirp,. MuUlhoo, Wl). The 
result ing done, pPSTM. was used lor transient transfectJon 
pi* £93 cell*. 

Amplification of Target DNA ami Duiccilon of 
Amplicon Factor VIII Wasmid DNA 

(pr'tri'M) was amplified with die omnei* l<ftfor Z'-tliXl- 
CriXKU^ACiAUrJXjiAtAilCfTC-a' and P&rcv .V-AAACC7r- 
lUaCCTOGATCUjTAOCJ-.V.Tlic rvMCllun produced w •17.2. 
np it':K product. The forward primer was designed tu icv 
ognl/.e u unique Mtpiciuc found hi the 5' untranslated 
recoil of 1 1 iv put trnl uOS2.o\25)> ploMiml (ii i»I ihufcfore 
does not kwik"^ amplify the human factor VII! 
gene. Primopf. woro chosen ivitli the ausistawe of llw-com. 
pulcr program Oliw 1«M (Natimial Uiu.scicnces, lne„ I'ly- 
mouth, MN). The human p-actm gw was amplified with 
die primers fj-t«-iiu forward primer -TCACCCACJACnirr 
CCCCATCI'AC'lCA-.V and p-actiu reverse ruirncr .V-CAC 
CGGMCCGOX:AlTt;<:c;AATGG-3\ The reaction pro- 
ouceo a 295- hp rOk product. 

Amplification reactions (SO |xl) contained a DNA 
sample, )0X PCK Huffttr II (S >*J)# 200 hm dATP, dCTl», 
dCTP, and 400 p,M dUTI\ A MgCl^, 1.7J5 Units AmpU 
7Vi<; ONA polymerase, 0,5 unit AntpKrasc uracil /V-fily- 
eu»ylu»e <UMC), 50 pmole of each foek/i VIII prhoei, and 15 
pi i hiIi* <if uuch |t actio p< liner. The leaetlnit* also contained 
Otic of the following detection prnlu^ (lOO iim rnrli): 

]/w,irt»b<- V(VAM)Acu7v<rvt:czAixvv<icrm:rrvtYVcr. 

CiCCTT(TAMRA)p V «ud p-ttetiit probe 5 f (TAM)AT(JC^X;- 
XCrAMKAJCCOCCATGCCATCp-.T where p indicates 
plin»phoryUijnn nr\d X indicates a linker arm nucleotide. 
Reaction IuIk-s Mit:n>Ati\p Optical Tubes (part num- 
ber r0kO1 OO.'tt, PcrWn lUnier) thai wot* S routed (wt IVrttln 
F.lnicr) to prewnl light from rcflceitn^. Tube cap* were 
simitar in Miert>At>ip t;nj>3 l>ut specially designed lo prc- 
yciiI lifthi seatteri tig. All ol th<« Vi'M a*itm*mlildv* wcro 
P licd 1> y PK Applied ltio*y«(*n<9 (P-n»ler CMy, CA) execpl 
ihr factor VIU prliuera, which weir synthesized ul Cciicn 
lech, Inc. (South ?.<«» rmnclsco, CA). PtoUevmnv designed 
using Hie Oliyo 4.0 software, following guidelines ku«- 

aested in tnc Model 7700 .sequence intevtor lusiiiuiietil 
manual. HrtcHy, prube T m slttmht he at least 5 U C higher 
mail the hiiiivmIUjk tetitpeiatnrc; used! during (hrrmal ey- 
rhngi primers Should not fonn Mahle duplexes' wit Ii the 
probe. 

The tUenintl « yclhig conditions Included 1 mhi at 
50 V C and 10 min at 95*C. Ilicriual cycling proceeded with 
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reactions were performed in'lh* Model 77(H) .Sequence IV- • 
t«i<ff Applied Ulusyvteuis.), which contains a Gc«e- 
Amp l»< :U Systuni P0OO. kc^<:tlon eouditioi^ weff pro. 
grutimtcU on a h»w« Macintt»*li VI 0(1 (Apple C»nmn1er f 
Santa Clara, t^\) linked dirvtily to the Model 7?00 
qucitcv IXitffClor. A»ialy*l» «» f data vmm also jw«rf/»«Ti#'H on 
the MHctntosh computer, i VUlnetlou and analytic toft ware 
wn» developed »t l»K Applied 1 niosysluins. 



Tramfection of Cells with Factor VIII Construct 

FnurT17S flasks of 293 cells {ATCX: <:U1. 1S7H), a human 
fetol kidney tueipedfiion cell Hue, were grnwn to 80% con- 
Muency art^l tranrfceted pIVI'M. Cells were K r " wn l» 
Allowing medlat SC)% HAM'X Hi 2 without OUT, 50% low 
glucose HuJIxron's imjdlficri Kfljjle mvdiutti (l)MIiM) wlth« 
enn glytine willi sodium bicarhonate, J0% lctal Uwine 
serum, 2 him L-gluidiriiiK-, and 1% penicilliit-streptomy^ 
cln. The media was changed 30 mln l>efo«» the Uaosfcc 
lion. plWM DNA amounts of 40, A, 0S r and 0.1 were 
i»dded to ml of a solution comalnlnR 0.125 m CmO./ 
and 1 X 11 WHS. The four mixhires were left at RH>in ti»m- 
pemtorv lot TO min and theti i«cUU**l Hrtipwliw* lo d»e call*. 
TJie n«>k* wi-hu.ulj.ilcd at 37°C'*and C:O a f«r 24 hr, 
washed with PUS, <md riw«»pcndcd In PUS, The tv*m 
lA'tiiK^I cells were divided into aliquot* and DNA wm w- 
tnieted I ui mediately itsiiiK Ihv QIAanip M<hh\ Kit (Qlapen. 
aietswwtli, <.'A), l>NA w«.s <:luled Into 200 p.1 ol 30 
Trls-HOJol pliH.O. 
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Contributed by David Botstein and Arnold J. Levine, October 21, 1998 

ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4, Together with a third related gene, 
WISPS, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (/) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracyline repressible promoter, and («) Wnt-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q24J. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to >30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fold) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3/3 (GSK-3/3) resulting in an increase in 
/3-catenin levels. Stabilized j3-catenin interacts with the tran- 
scription factor TCF/Lef 1, forming a complex that appears in 
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the nucleus and binds TCF/Lef 1 target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (A PC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
/3-catenin levels (9). APC is phosphorylated by GSK-3/3, binds 
to /3-catenin, and facilitates its degradation. Mutations in 
either APC or /3-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homeobox genes, engrailed, goosecoid, twin (Xtwn), and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 
and WISP-2, and a third related gene, WISP-3. The WISP genes 
are members of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
. Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
VWC, von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF1 00777, 
AF100778, AF100779, AF100780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 jig of poly(A)" RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 u.g 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP- 1 were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WlSP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WISP-2 were isolated by 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 u.M of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeled sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-ampIified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-mvc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2<a«) w here ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
a-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The IW/'-specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-EImer Applied Biosystems. 

RESULTS 

Isolation of WISP-I and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/ Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/ Wnt-1 cell line, but 
not in the parent C57MG cells or C57MG Cells overexpressing 
Wnt-4 (Fig. 1 A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on /3-catenin levels (13, 14). Expression of WISP-1 was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5 -fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-l mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared with mouse WISP-1. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of =40,000 (M f 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites 
and are 84% identical (Fig. 24). 

Full-length cDN A clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of **27,000 (M r 27 K) (Fig. IB). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 
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Fig. I. WISP- 1 and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 (A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 ^g) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WISP- /-specific probe 
(amino acids 278-300) or a 190-bp H75/ , -2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-1 (A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminal (CT) domains are 
underlined. 

position 197. WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 

Identification of WISP-3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDNA of 1^71 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
' human WISP proteins shows that WISP-1 and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig. 3A). 

WISPs Are Homologous to the CTGF Family of Proteins- 
Human WISP-1 WISP-2, and WISP-3 are novel sequences; 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogen ic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-0 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs, The cysteine residues of WISP-1 and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3^4 and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-l expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISPS was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP-I and WISP-2. Expression of 
WISP-l and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-l was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-l expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-l, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 E-H), However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. (A, C, £, and G) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-l expression are shown in B and 
D, The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power {A and B), 
expression of WISP-l is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and 0), and tumor cells are negative. 
Focal expression of WISP-l, however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (E and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 
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the predominant cell type expressing WISP-l was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-l is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-l is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISPS is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-l resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-l 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-l locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-l and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-l in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISPS was indistinguishable from one (P ~ 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-l (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 




Fig. 5. Amplification of WISP-I genomic DNA in colon cancer cell 
lines. (A) Amplification >n cell line DNA was determined by quanti- 
tative PCR. (B) Southern blots containing genomic DNA (10 ^g) 
digested with EcoRI (WISP-l) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP-l probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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FlG. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient. 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISPS ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1, WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., /3-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-1 -transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through /3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This.domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin a v fo serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
- tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-01, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-1 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISPS RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP-'2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-L the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and 0-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic /3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENK or AEQK were dissolved in water, made isotonic with 
NaCl and diluted into RPM1 growth medium. T-ceil -proliferation assays were 
done essentially as described 20,21 . Briefly, after antigen pulsing (30 pig ml -1 
TTCF) with tetrapeptides (l-2mgmr ! ), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with T-cell clones in 
round-bottom 96-well microtitre plates. After 48 h, the cultures were pulsed 
with 1 u.Ci of 3 H- thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 fxg TTCF with 0.25 u.g 
pig kidney legumain in 500 p.1 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C 
Glycopeptide digestions. The peptides HIDNEEDI, HIDN(N-glucosamine) 
EEDI and HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Pro mega) digestion 
of 5mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography n . Glycopep tides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-terminal sequencing. The iyophilized transferrin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 mUmP 1 pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgml" 1 a- 
cyanocinnamic acid in 50% acetonitrile/0. 1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumour* studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG)\ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected. with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL 6 ' 7 , Apo3L/TWEAK 8 \ or OPGL/TRANCE/ 
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RANKL 10 " 12 (data not shown). DcR3-Fc immunoprecipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRL Gel-filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity (K d = 0.8 ± 0.2 and 
Ll±0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 u-gml~ l . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process 1 . Consistent with previous results 13 , activation 
of interleuldn- 2 -stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 




induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
gran2ymes 1,,4 " u '. Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from —65% to 
—30%, with half-maximal inhibition at — 1 u.g ml" 1 ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL 17 . 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a. Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4). and the A/-linked glycosylation site (asterisk) are 
shown, b. Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of poly(A)* RNA (CJontech) from 
human fetal and adult tissues or cancer cell lines. PBL. peripheral blood 
lymphocyte. 
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Figure 2 Interaction of DcR3 with FasL. a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area). TNFRl-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference [P < 0.001 ) between the 
binding of DcR3-Fc to cells transfected with FasL or pRK5. PE. phycoerythrin- 
labelled cells, b, 293 cells were transfected as in a and metabolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFR1. DcR3 or Fas. 
c. Purified soluble FasL (sFasL) was immunoprecipitated with TNFRl -Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d, Flag-tagged sFasL was 
incubated with OcR3-Fc or with buffer and resolved by gel filtration: column 
fractions were analysed in an assay that detects complexes containing OcR3-Fc 
and sFasL-Flag. e. Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
tnset, competition of OcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PCR) 18 in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



a c 




Time (h) Inhibitor (jig ml" 1 ) 



Figure 3 Inhibition of FasL activity by DcR3. a. Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasL;. 5ngmr l ) oligomerized 
with anti-Flag antibody (0.1 M.gmr') in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGl arid assayed for apoptosis {mean ± s.e.m. of 
triplicates), b. Jurkat cells were incubated with sFasL-Flag.plus anti-Flag antibody 
as in a. in presence of 1 u.g ml"' DcR3-Fc (filled circles). Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stimulated with PHA and interieukin-2. 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl, Fas-Fc. or DcR3-Fc (10 ^g ml"'). 
After 16 h, apoptosis of CD4* cells was determined (mean ± s.e.m. of results from 
five donors), d, Peripheral blood natural killer cells were incubated with s1 Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles). Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 5, Cr (mean ± s.d. for two donors, each in triplicate).' 
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we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR3 showed linkage to marker AFM2 18xe7 (T 160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone s insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3-linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the 'epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG 2J9 . . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 



a b d 




Figure 4 Genomic amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d. f. g. h, j, k. r). seven squamous-cell carcinomas (a. e. 
m, n. o. p, q), one non-small-cell carcinoma (b). one small-cell carcinoma (i), and 
one bronchial adenocarcinoma (I). The data are means * s.d. of 2 experiments 
done in duplicate, b. Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicate, c. In situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the iung. A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show OcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S), blood vessel (V) and necrotic tumour tissue 
(N) are alsp shown, d, Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward, Rev and Fwd), the 
DcR3-linked marker T160. and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.0 1 for a Student's Mest 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin-1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl and DcR2, regulate the FasL-related apoptosis- 
inducing molecule Apo2L 22 . Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-family member is 
OPG 3 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L' 9 . Thus, DcR3 and OPG define a new subset of 
TNFR-family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 



Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Fluorescence-activated cell sorting (FACS) analysis. We trans fee ted 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL* (2 u.g), together with pRK5 encoding CrmA 
(2 jig) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-Fc or TNFRl-Fc and then with phycoerythrin -conjugated 
streptavidin (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed constitutively on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
metabolically labelled with { 35 S]cysteine and | 3S S) methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (10u.M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5jxg), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL (1 u,g) (Alexis) was incubated 
with each Fc-fusion protein (1 u.g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag- tagged soluble FasL (25 u,g) was 
incubated with buffer or with DcR3-Fc (40 u.g) for 1.5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 u.1 aliquots into microtitre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti- Flag antibody Bio M2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 




IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL. Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay. Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgG I before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell A1CD. CD3 + lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 u.g ml"') for 24 h, and cultured 
in the presence of interleukin-2 (100Uml~ l ) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later.by FACS analysis of annexin-V-binding of CD4* cells". 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with s, Cr- loaded Jurkat cells at an effector- 
to- target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of ''Cr in effector-target co- 
cultures relative to release of 5l Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluorometry. Amplification was determined by quantitative PCR" 
using a TaqMan instrument ( ABI ). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER-2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (T159), the nearest 
available marker which maps to —500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5' -CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5 ' - ( FAM - AC ACG ATGCGTGCTCCAAGCAG 
AAp-(TAMARA), where FAM is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 lACT) , where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogous £. xoli 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nucleo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains 1 . In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane -bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and £ co/i u " 8 is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit. HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM*. The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity 8 , and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 8 . 

The overall shape of the crystal structure of the HisP monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. I). A six-stranded 0- 
sheet (fJ3 and 12) spans both arms of the L, with a domain of a 
a- plus P-type structure (pi, p2, p4-p7, al and ot2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 
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Figure 1 Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A. comparable to that of membrane. a-Helices 
are shown in orange and p-sheets in green, b. View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The p-strands at the dimer interface are labelled, c, View of one monomer from 
the bottom of arm I, as shown in a, towards arm II, showing the ATP-binding 
pocket, a-c, The protein and the bound ATP are in 'ribbon' and "ball-and-stick* 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRIPT 29 . N, amino terminus: C. C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polyrnerase-chain-reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DNA quantification. Moreover, 
real-time PCR does not require ppst-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and ert»B2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi -auto ma ted technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661-666, 1 998. 
© 1998 Wiley-Liss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et ai, 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
. to be amplified frequently in breast cancers include myc (8q24), 
ccndl ( I lq 1 3), and erbB2 ( 1 7q 1 2-q21) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbB2 proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns et ai, 1992; 
Schuuring et ai, 1992; 9iamon et ai, 1987). Muss et ai (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et ai (1987) between 
erbBl amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1996; Heid et 
ai, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et ai, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e.. 6-carboxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5 '-3' nucleolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real -time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et ai, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the C, (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi -auto mated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and erb&2), as well as 2 genes (alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular-weight DNA. Patients 
were included in this study, if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 18 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C, (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring C t and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4ql1-ql3, in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et ai. 1994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N", and is determined as follows: 

copy number of target gene (app, myc, ccndl, erbB2) 

N — ; — — * — * . 

copy number of reference gene (alb) 

Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DN Agency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request 

The TaqMan PCR Core reagent kit, Micro Amp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et ai (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
rig of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 10-fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/ul. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10" 7 (I0 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at -80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 rig). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCI 2 , 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
1 00 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10 5 to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C, and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DN A extracted from 1 08 primary breast tumors, and 1 8 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc. ccndl and erbB2 proto-oncogenes, 
and the p-amyloid precursor protein gene (app), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et at.. 1994). The 
reference disomic gene was the albumin gene (alb, chromosome 
4qll-qI3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10 : copies or as 
many as 1 0 5 copies. 

Copy-number ratio of the 2 reference genes (app and alb; 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA 
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Figure 1 - Albumin (alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10 s (A9), 10 4 (A7), 10 3 (A4) to 10* (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. Q (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app. 2 1 q2 1 .2; alb, 4q11-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et ai, 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 i 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccnd 1 and erbB2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 1 8 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods*'. The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for myc. 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and 0.6 to 1 .3 (mean*0.9 1 ± 0. 1 9) for erbB2. Since N values 
for myc, ccnd J and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccndl and erb/?2 gene dose in breast-tumor DNA 

myc, ccndl and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table I. Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl. 1 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (Tl 18). 
The 3 genes were never found to be co-amplified in the same tumor. 
erbBl and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbBl in I case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc. ccndl and erbBl amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases (I myc, 6 ccndl and 4 erbB2) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE I - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND <?r*B2 GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 


2-4.9 


>5 


myc 
ccnd J 
erbBl 


0 
0 

5 (4.6%) 


97 (89.8%) 
83 (76.9%) 
87 (80.6%) 


11 (10.2%) 
17(15.7%) 
8 (7.4%) 


0 

8 (7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA. which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed, paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et ai, 1 994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et ai, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 1 00 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on Q values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C, value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
Q ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et ai. 
1996; Slamon et ai, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature, (i) Chromosome regions 4qll-ql3 and 21q21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et ai, 1994). (ii) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Bems et ai. 1 992; Borg et ai, 1992). (Hi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et ai (1 992) and Courjal et ai 
(1997). (iv) The maxima of ccndl and erbBl over-representation 
were 1 8-fold and 1 5- fold, also in keeping with earlier results (about 
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■ T118 
M T133 



T145 



CCND1 



ALB 



Tumor Copy number Copy number 



27.3 



23.2 



22.1 



4605 



61659 



125892 



26.5 



25.2 



25.6 



4365 



10092 
7762 



Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: TU8 (E12, C6, black squares), T133 (Gil, B4, red squares) 
andT145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experimenL Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table 11. 



30-fold maximum) (Berns et ai. 1992; Borg etai, 1 992; Courjal et 
ai, 1997). (v) The erbB2 copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et ai, 1 995; Deng et ai, 1996; Valeron 



et ai, 1996). Our results also correlate well with those recently 
published by Gel mini et ai (1997), who used the TaqMan system to 
measure erbB2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



ccndl alb 



Tumor 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


Nccndl/atb 


T118 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 










61659 


61100 


1111 


10092 


10137 


375 


6.03 




61821 






10533 








T145 


128563 






7321 










125892 


125392 


3448 


7762 


7672 


316 


16.34 




121722 






7933 









'For cadi sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Hccndl/alb) is determined by dividing the average ccndl 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-fold). The slightly higher frequency of gene amplification 
(especially ccndl and erbB2) observed by means of real-time 
quantitative PCR as compared with Southern-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et al, 1992; 
Slamon <?/<*/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbB2 (but not of the other 2 proto- 
oncogenes) in several tumors; erbB2 is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre-neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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